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ABSTRACT 
In three separate. hut related studies, the performance of 
~eaner/replacement heifers, dry pregnant cows, and first calvers and 
mature cows and their progeny, at different stocking rates in the 
Highland Sourveld, was investigated. The study area was located in 
Bioclimatic region 4e in the Prov ince of Nat~ l, Repuhlic of South 
Africa. 
In the first study, carried out over four seasons, the effect of 
winter and summer nutritional levels on the performance of replacement 
heifers, bred at two years of age, was investigated. The results of 
this study indicated that compensatory growth was a potentially 
important factor in reducing feed costs, but the degree of compensation 
was highly dependent upon stocking rate and the condition of the veld. 
The most economical regime for rearing heifers up to the mating stage 
was a low growth rate (0 - 0,25 kg/day) during the first winter (post 
weaning) followed by a low stocking rate (0,75 AU/ha) on summer veld. 
Treatment did not generally affect the number of heifers attaining 
puberty, nor their conception rates. Pregnancy rates as high as 96% 
were achieved. Treatment also had no apparent effect on subsequent 
calving rates. 
In the second series of experiments, the role of condition scoring 
as a management tool in the Highland Sourveld was studied. The 
condition score of the cow was shown to be an important factor 
determining conception rate and time of conception. Only 8% of the cows 
mated at a condition score of 1,5, conceived, whereas 80% conception 
rates were achieved when the cows were mated at a condition score of 
3,0 - 3,5. The cost of improving a cow's condition from 1,5 to 3,0 was 
R10B, whereas the cost of improving a cow's condition from 2,0 to 3,0 
was R54. 
In the third study, carried out over nine consecutive seasons, the 
effect of stocking rate and lick supplementation on the performance of 
iactating cows and first calvers was investigated. Four stocking rates 
were applied - 0,83,1,0,1,25 and 1,67 cows plus calves per hectare. 
The very high stocking r8te was termin8ted 8fter four seasons because 
of a significant decline in both cow and calf performance, and the 
severe deterioration of the natural pasture. There was no benefit to 
either the cows or calves with access to a urea-based lick at the very 
high stocking rate, but at the low stocking rate (1,0 cow + calf/ha) 
the cows were in such a condition that the grazing season could have 
been extended, thereby saving on winter feed costs. First calvers 
produced weaners as heavy as those of the mature cows and were in 
similar body condition at the end of the grazing season. The excellent 
performance of the first calvers was attributed largely to the fact 
that they calved 3 - 4 weeks prior to the mature cows. 
The grazing behaviour of the first calvers and the mature cows, at 
the different stocking rates, was observed in the fourth study which 
was carried out over two consecutive seasons. There were no significant 
differences in the grazing time between the first calvers and the 
mature cows at any of the stocking rates. In all the treatments, the 
first calvers appeared to establish the grazing patterns, with the 
mature cows adopting a followership role. Alloparental behaviour was 
noted in the early part of both grazing seasons. 
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It is estimated that the population of the Republic of South 
A fr ica will be in the re gion of 50 rni lli on by the year 2000 (HSRC , 
198'7· per comm) Thl"S fl"gure usually fails to elicit a response from , . I.. 
the man in the street, partly because of its incomprehensibility and, 
partly because the figure is so often bandied about that it has lost 
its impact. However, this figure has important implications, not only 
from an agricultural viewpoint, but also for the comtry as a uhJle. If 
the RSA is to be largely self-sufficient in terms of food production, 
then large areas of arable land will have to be reserved for 
agricultural enterprises that can be brought directly into the human 
food chain. Consequently, beef cattle, and cows in particular, will be 
required to utilize natural grazing, crop residues and cheap forages 
grown on marginal lands (Harwin, 1979). A ruminant's ability to convert 
high cellulose material into digestible protein will ensure its 
position in the future agricultural scenario. However, the success of 
future agricultural enterprises is likely to depend on the efficiency 
of the production system. According to Harwin (1979) there will have to 
be a significant move away from biological efficiency towards economic 
efficiency. The striving for economically viable production systems 
must not take place at the expense of the natural resources. These 
resources must be maintained in a viable and productive state at all 
costs. 
The interactions between the grazing animal and its environment 
are complex and not well Ulderstood. Despite the many gaps in our 
knowledge, economically optimum production systems must be based on the 
latest available scientific and biological information. In this regard, 
because of the interdependence of the many facets that constitute a 
viable procUction enterprise, it is imperative that research aimed at 
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providing solutions to the many problems, be conducted in an 
integrated, nultidisciplinary way. This is often regarded as a 
"systems" approach (von Bertalanffy, 1950) • 
In the Highland Sourveld, van Niekerk (1984) has shown the 
importance of selecting the right breed-type for breeding t-erds a1d the 
need for a high level of management to ensure high reproductive and 
weaning rates. The Highland Sourveld is currently an important beef 
producing area, with considerable potential for increasing the 
production of the beef herd in general (8embridge, 1985) and the 
breeding herd in particular. However, because of the limitations 
imposed on the beef enterprise by the environment, certain basic 
problems require . attention before the true potential of the sourveld 
can be realized. These problems are generally related to the effects of 
stocking rates on the performance of animals, and the impact on the 
veld. In this context, because of the severity of the of the winter 
feeding period and the need to supply supplerrentary feed, the length of 
the grazing season is of cardinal importance. Stocking rate is probably 
the fTDst important, and often roost controversial factor, influencing 
beef production on natural grazing. Tainton (1985) has suggested that, 
from the beginning of research into the management of natural 
vegetation in South Africa, management procedures, rather than stocking 
rates, have formed the basis of the research effort. Research into 
stocking rates for different veld types is a high priority, but should 
not be investigated in isolation from the grazing management system 
(Tainton, 1985). 
The current ~ries of investigations attempts to address the roore 
important and basic problems relevant to the beef breeding herd in the 
Highland Sourveld areas of Natal, in relation to stocking rate and the 
length of the grazing season. Whilst considerable attention has been 
focussed in this study on the performance of mature lactating cows, 
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first calvers and dry pregnant cows on Highland Sourveld the irrpJrtarce 
of correct heifer rearing has also been addressed. If heifers are to 
make a significant contribution to the breeding herd, they must be 
ad~quately fed for good performance during the first and subsequent 
production ' cycles (Bond & Wiltbank, 1970; Bellows & Short, 1978). 
However, whilst nutrition possibly remains the single most important 
factor affecting animal performance, a clear understanding of the 
behav iour of animals in general, but grazing animals in particular, 
should facilitate better management practices, with a concomitant 
increase in animal production and the efficiercy of the enterprise as a 
whole. 
One of the major factors affecting the economic viability of beef 
enterprises in the Highland Sourveld areas of Natal is the hig, cost of 
winter feeding in order to attain high production levels. Alternative 
sources (to maize silage and Eragrostis curvula hay) must be 
investigated. The use of foggaged pastures could play an irrportant role 
in this regard. 8etter management of the animal also requires further 
investigation. For instance, whilst the potential of a cow to mobilize 
body fat as an energy source is sometimes exploited, it is an area that 
has not been researched in detail in the RSA. In this context the role 
of condition scoring as a rreans of identifying different levels of oody 
reserves needs to be placed on a scientific basis. Only then can sound 
recommendations on the manipulation of body reserves as a means of 
optimizing feed sources and increasing production levels, be made. 
Clearly, any management tool that will improve the efficiency of the 




THE PERFO~ANCE OF REPLACEMENT HEIFERS ON HIGHLAND SOURVELD 
WHEN BRED AT TWO YEARS OF AGE 
INTRODUCTION 
Replacement heifers are generally bred for the first time at 24 
(or more) months of age because of the extensive nature of the rmjority 
of beef enterprises in the Republic of South Africa. Consequently, the 
emphasis has shi fted from the physiological efficiency of the animal to 
the economic implications of the operation. For instance, age and mass 
at which puberty is attained are important factors in beef cattle when 
heifers are bred to calve at two years of age (Ferrell, 1982). It is 
not onl y important that these hei fers breed and conceive, but also that 
they should conceive early in the breeding season for maximum 
efficiency. The emphasis is therefore on production efficiency. A 
situation in which heifers are mated for the first time at two years, 
requires these animals to be fed and managed for a minimum period of 
three years before any return (a calf) is realized. Even then the 
viability of the product is not guaranteed. This situation is unlikely 
to change in the Highland Sourveld and it is therefore imperative that 
the replacement heifers be raised as cheaply as possible without 
affecting their potential to conceive. 
Irrespective of whether heifers are rmted at 12 - 14 rronths or tllIJ 
years of age, an adequate level of feed is necessary for good 
performance in the first and subsequent production cycles (Bond & 
Wiltbank, 1970; Kropp, Stephens, Holloway, Whiteman, Knori & Totusek, 
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1973; Corah, Dunn & Kaltenbach, 1975; Holloway, Stephens, Whiteman & 
Totusek, 1975). However, the most efficient and economic levels of 
feeding for 
environmental 
heifers under different 
situations, remain obscure. 
management systems and 
The solution to these 
problems becomes increasingly important when viewed in the light of 
existing information. Research has shown that undernutrition rray result 
in increased age at puberty (Joubert, 1954; Wiltbari<, Kasson & Ingalls, 
1969), impaired fertility (Hill, Lamond, Hendricks, Dickey & Niswender, 
1970) and the production of less milk during the first lactation (Bond 
& Wi! tbank, 1970). Overfeeding, however, may result in a decline in 
breeding efficiency (Arnett, Holland & Totusek, 1971), high calf 
mortality (Bond & Wiltbank, 1970), decreased mammary gland development 
(Swanson, 1957) and reduced milk production (Swanson, 1957, 1960). 
The need to identify the most efficient feeding regime for the 
rearing of replacement heifers is therefore essential to the beef 
cow/calf industry. If the current thinking that calves will be prodJced 
mainly off veld in future, is accepted, it is likely that in a Natal 
context, the Highland Sourveld areas (Bioclimatic area 4e and 4f; 
Phillips, 1973) will be particularly important. The quantification of 
efficient and economic rearing systems for replacement heifers in the 
Highland Sourveld is however, far from simple. Realistically, the veld 
can sustain animal production for a maximum of 270 days a year from 
spring through to autumn. Consequently, supplementary feeding is 
necessary during the winter months. Winter feeding is often very 
expensive, making it imperative that the degree of supplementary 
feeding is restricted as far as possible. It is axianatic then that the 
veld will have to sustain a reasonably high production level to enable 
replacement heifers to achieve their respective target mating masses. 
The interactions between winter and sunmer nutritional levels will t-eve 
to be clearly understood before reliable recommendations can be made. 
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The potential role of compensatory growth under sourveld conditions 
will have to be identified and quantified. It is generally recognised 
that growing animals exhibit compensatory growth following a period of 
food restriction (Allden, 1970; O'Donovan, 1984). This has led to the 
general recommendation that when food supplies are s::arce or expensive, 
temporary food restriction may be practised without any long-term 
deleterious effect. In fact such an approach may be economically 
advantageous if compensation can take place when slPPlies are plentiful 
and relatively inexpensive ie. summer grazing (Wright, Russell & 
Hunter, 1986). There is little doubt that compensatory growth on 
sour veld takes place but the degree of compensation may be modified to 
a large extent by the stocking rate employed. Very little information 
is available in the literature in this respect. However, it is 
essential that the long-term effect of the different feeding regimes m 
production and specifically reproduction be researched. The objectives 
of this experiment were: 1) To investigate the interaction between 
winter and summer nutritional levels and its effect on 
weaner/replacement heifer growth and reproductive performance on 
Hi ghland Sourveld; 2) To identi fy the role of compensatory growth on 
Highland Sourveld. 
The first two years' results (1981/82 and 1982/83 seasons) have 
been presented (van Niekerk, 1984). The subsequent tlLO seasons' results 
- 1984/85 and 1985/86 seasons, are presented here, together with the 
reproduction trends that have become apparent from the four years data 




The experiments were carried out at the Thabamhlope Research 
Station situated at an altitude of 1450 m above sea level, within the 
8ioclimatic area 4e (Phillips, 1973) in the Province of Natal, Rep.lblic 
of South Africa. The Station falls wi thin 29°02' latitude and 29° 39' 
longitude. The mean annual rainfall is approximately 900 mm per annum 
wi th about 70% of the rainfall being recorded between November and 
March. Mean maximum temperatures are in the region of 22°C and mean 
minimum temperatures in the region of 6°C. 
The area (77,4 ha) assigned to this experiment consists of grass 
plains and rolling hills. !"here is a general absence of trees and 
bushes. The animals are largely unprotected from the elements and in 
particular, winds which blow throughout the year tut are extremely cold 
during the winter. 
Approximately 40 grass species are commonly found at Thabamhlope. 
However, only five or six species are generally grazed by animals 
during the sunmer rronths. These species include Alloteropsis semialata, 
Diheteropogon amplectens, Harpechloa falx, Heteropogon contortus, 
Themeda triandra and Tristachya leucothrix. The veld generally cannot 
sustain animal performance during the winter rronths (July 
mid-October) • 
Experimental animals 
One hundred and eleven weaner (270 days of age) Simmentaler 
heifers with a mean mass of 201,38 ± 28,06 kg were used during the 
first season commencing in July 1984. During the second season 93 
weaner hei f ers with a mean mass of 193,29 ± 20,24 kg were used. The 
trial commenced in July 1985. The animals were all born in the spring 
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of the previous year. Shortly after weaning the animals were randomly 
allocated to three treatments and fed at three rutritional levels so as 
to achieve growth rates of 0,5 kg (Tr.1), 0,25 kg (Tr.2) and -0,12 kg 
(Tr.3) per day. 
Experimental design 
The winter feeding phase extended for approximately 120 days. At 
the end of the winter phase the animals were re-allocated to summer 
grazing treatments so that each summer treatment contained animals fIDTl 
each of the winter treatments. The three stocking rates employed on 
summer veld were: 1,25 AU/ha, 1,00 AU/ha and 0,75 AU/ha. In this 
particular situation, an AU is described as a 450 kg ron-lactating cow. 
The target mating mass was 330 kg by mid-October of the second season. 
The animals would then be 24 - 25 months of age. The mass deficit 
between the final summer grazing mass and the target mating mass could 
then be made-up during the second winter feeding phase. The 





(Tr.1) 0,50 kg/day_-+ 1,25 AU/ha -----'.... feed ------:~~ 330 kg 
(Tr.2) 0,25 kg/dayf-----A-_ 1,0 AU/ha .---~~ feed -------- 330 kg 
(Tr.3) -0,10 kg/day"'---_0,75 AU/ha -----'~~ feed --~ ..... 330 kg 
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Experimental rations 
The basic rations fed to the heifers during the winter consisted 
of maize silage and Eragrostis curvula hay. The heifers in Tr.1 
received a high protein concentrate (HPC) when their growth rates fell 
below the required rate. The heifers in Tr.3 received E. curvula hay 
only; the quantity being constantly adjusted to sustain a 
sub-maintenance growth rate. The costs allocated to the roughages were 
derived from figures issued by the Directorate, Agricultural Pro ruction 
Economics. The allocated feed costs were; E. curvula hay - R105,71/ton 
of dry matter; lYBize silage - R85,90/ton OM. The HPC was costed at 
R300/ton and the urea-based lick at R250/ton. 
The heifers were weighed on a fortnightly basis following an 18 
hour starvation period. The rations were adjusted every two weeks, 
depending on the animals' performance. A rumen stimulating lick 
consisting of 30% salt, 30% dicalcil.Jl1 phosphate, 25% maize rreal Cfld 15% 
urea was freely available to all the animals. Feed intakes were 
recorded on a daily basis and lick intakes weekly. During the sUlffiler 
grazing period a mineral lick consisting of 50% salt and 50% dicalcium 
phosphate was available from the beginning of grazing LIltil the 15th of 
February. Thereafter the animals had access to the rumen stimulating 
lick. 
The heifers were group fed in pens rudng the winter. Each p:!n 
could accommodate eight animals. It was therefore possible to block 
animals for size within each treatment, so that competition for feed 
could be reduced to a minimum. The pens liEre qJen at the sides, but the 
feeding area was covered. An uncovered exercise area adjacent to. the 
feeding area was available. 
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Second winter 
Animals below 240 kg at the beginning of the second winter feeding 
period were culled since these heifers would be required to gain at 
lec:st 100 kg during the second winter feeding period. Previous research 
at the Research Station · had shown this to be uneconomical under 
sour veld conditions. The remaining animals were divided into three 
groups according to their final summer li vemasses and fed to reach a 
mass of 330 kg by mid-October. The basic ration components fed to all 
the animals during the winter were maize silage and E. curvula hay. A 
urea-based lick was available at all times. A 60 day breeding season 
commenced on the 15th of October each year. 
Grazing management 
The grazing management was based on a modified eight camp system. 
Unfortunately, because of a shortage of funds, only 18 camps could be 
fenced. It was therefore possible to allocate only six camps to each 
treatment. 8ased on recommendations from the Pasture Specialists it lIES 
decided that all 18 camps would be grazed each season, but that all the 
camps would be rested once every four years. Each camp was grazed for 
seven days and rested for thirty five days. This effectively simulated 
an eight camp system with two rest camps per herd. Three stocking rates 
were employed. These ranged from 1,25 AU/ha. (Tr.1) to 1,0 AU/ha. 
(Tr.2) to 0,75 AU/ha (Tr. 3). The areas allocated to the experirrent were 
relatively uniform (blocks of 26,2 ha, 25,8 ha and 25,4 ha). The rurber 
of animals in each treatment was rrEnipulated by the use of additional 
"grazers" to achieve the desired stocking rates. The performances of 




Oata relating to daily maximum and minimum temperatures, rainfall 
and wind velocities were collected by the Natal Agrometeorological 
S~ction. Mean monthly data are presented on a seasonal basis. 
Statistical analysis 
Analysis of variance was used to test the effect of treatment on 
mass changes. The interactions between winter and summer nutritional 
levels were analysed by mUltiple regression analyses. The influence of 
treatment on conception was tested using the chi-square test. 
RESULTS 
~teorological data 
Climatological data showing temperature, rainfall and wind 
conditions during the experimental period are presented in Table 1. It 
is clear from these data that approximately 70% of the mean annual 
rainfall was recorded between November and March. June and July were 
generally the driest and coldest months of the year. Mean monthly 
minimum temperatures in the region of 6,1 °C reflect ambient 
temperatures. Effective ambient temperatures (EAT's) would have been 
considerably lower as a result of frost and wind. 
First winter: Animal performance and feed intakes 
Animal performance 
The actual livemass gains of 0,34 kg (Tr.1), 0,14 kg (Tr.2) and 
-0,18 kg (Tr.3) per day recorded during the first (1984/85) season uere 
lower than the projected daily gains of 0,5 kg, 0,25 kg and -0,12 kg 
(Table 2). The difference in livemass between the animals in the three 
Table 1. Climatic conditions prevailing during the experimental period. 





°c °c G. Total Nov. cree. Jan. Feb. 
1931/82 2),9 5,5 783,5 112,4 120,8 141,8 55,1 
1932/83 22,3 6,5 7?h,9 78,6 84,8 100,6 101,2 
1934/85 21,5 6,0 SlD,5 45,4 ~,2 164,6 184,6 
1935/86 ·22,1 6,3 93),0 100,7 145,5 158,2 142,0 
M?an 21,7 6,1 822,7 104,3 110,3 141,3 12),7 
1. Mean maximum temperature 
2. Mean minimum temperature 
3. Total annual rainfall 
4. Total rainfall Nov. - March 
5. Percentage of total annual rainfall 
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Figure 1. The performance of heifers during winter and subsequent 
summer when stocked at a low stocking rate on summer 
veld - 1984/85 season. 
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Figure 2. The performance of heifers during winter and subsquent 
summer when stocked at a medium stocking rate on summer 
veld - 1984/85 season. 
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treatments at the end of the winter phase, was however, of sufficient 
magnitude to enable the winter nutritional effects to be expressed on 
summer grazing. During the second season (1985/86) the heifers in Tr.1, 
Tr.2 and Tr.3 had daily growth rates of 0,56 kg, 0,28 kg and -0,06 kg 
respectively (Table 2). These gains were close to the predicted growth 
rates. 
Feed intakes and costs 
The feed intakes and feed costs incurred during the first winter 
feeding phase are presented in Table 3. During the first season the 
heifers in Treatments 1, 2 and 3 consumed 4,42 kg, 3,94 kg and 2,75 kg 
of dry matter (excluding licks) per day, respectively. The daily costs 
of feed per head were calculated at 45,28 c (Tr.1), 41,6 c (Tr.2) and 
32,2 c (Tr.3). In the case of Tr.1 the cost per kilogram of livemass 
gain was calculated at R1, 33. The feed cost per kilogram of li vemass 
gain for the heifers in Tr.1 during the 1985/86 season was also 
calculated at R1,33. An efficiency cost for the heifers in Tr.2 and 
Tr.3 has not been calculated since these animals were on restricted 
diets • 
. The growth rate of 0,34 kg/day achieved by the heifers in Tr.1 
during the first season was below the projected rate, and can be 
ascribed largely to a shortage of protein in the ration. Consequently, 
a HPC was fed to the heifers in Tr.1 during the second season. Whilst 
the act:lition of a HPC to the ration increased the total cost of the 
diet, the cost per kg/livemass gain remained at R1,33 and a growth rate 
of 0,56 kg/day was achieved (Table 3). The growth rates of the heifers 
in Tr.2 and Tr.3 were maintained at the required rates by restricting 
the quantity of feed available. For comparative purposes the same feed 
costs were applied during both seasons. 
I 
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Table 2. Mass gains of the heifers during the first winter feeding phase. 
Tr.1 Tr.2 
Nutritional plane High Medium 
Predicted growth rate (kg/day) 0,5 0,25 
1984/85 season n==37 n==37 
* 201,81a Initial mass (kg) 202,46a 
Final mass (kg) 237,54a 216,00b 
Mass gain (kg) 35,08a 14,19b 
ADG (104 days) (kg) o 34a , o 14b , 
1985/86 season n==32 n==32 
Initial mass (kg) 195,28a 193,19a 
Final mass (kg) 262,80a 226,80b 
Mass gain (kg) 67,52a 33,61b 
ADG (120 days) (kg) o 56a , 0,28b 
* Figures within rows having different superscripts differ 
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Figure 5. The performance of heifers during winter and subsequent 
summer when stocked at a ~Edium stocking rate on summer 
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Performance during summer grazing 
Effect of stocking rate and season. 
Summer grazing, during the first and second season commenced on 
the 13th of November 1984 and the 15th of November 1985 respectively. 
The length of the grazing season was 188 days during the first season 
and 200 days during the second season. The rrass gains of the heifers on 
summer veld, at the three stocking rates, for both seasons, are shown 
in Table 4. The growth curves of the heifers during the first winter 
and subsequent summer grazing period are shown in Figures 1 6 
During the 1984/85 season, the heifers stocked at the low 
stocking rate attained significantly (P<0,01) higher mass gains on 
summer veld than the heifers stocked at the medium and high stocking 
rates. The heifers stocked at the medium stocking rate, in turn, had 
significantly (p <0,01) hi gher mass gains than the hei fers stocked at 
the high stocking rate (Table 4). The significant effect of stocking 
rate on summer mass gains was apparent irrespective of the previous 
winter nutritional level. During the 1985/86 season, animals stocked at 
the low stocking rate had only slightly higher (NS) summer mass gains 
than the heifers at the high stocking rate. There was also no 
signi ficant difference in the summer mass gains between the heifers 
stocked at the medium and high stocking rates. For each comparable 
treatment, the heifers had higher summer gains dJring the first season, 
than during the second season. 
The significant effect of stocking rate on summer mass gains and 
the higher mass gains achieved during the 1984/85 season was largely a 
consequence of the grazing management regime employed. The veld 
utilized during the 1984/85 season had undergone a full seasons rest 
during the previous season and all the camps burnt at the end of 
September 1984. In contrast, during the 1985/86 season, the veld was 
18 
Table 3. Feed intakes and feed costs incurred during the first winter 
feeding phase. 
Plane of nutrition 
Predicted daily gain (kg) 
1984/85 season 
Feed consumed 




Feed costs (104 days) 











Feed costs (120 days) 


















Roughage feed costs based on Agric. 





































































Prod. Economics figures - 1986 
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Figure 3. The performance of heifers during winter and subsequent 
summer when stocked at a high stocking rate on summer 
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rested during the previous winter rronths only and no burning took 
place. Unfortunately crude protein analyses were not carried out and it 
is therefore not possible to compare the quality of the herbage 
av?ilable during the two seasons. However, as a conseqJerce of the full 
seasons rest and the burn there was probably more grass, of better 
quality, available during the first season. 
Compensatory growth 
Evidence of compensatory growth on summer veld is apparent from 
the data shown in Table 4, Table 5 and Figures 1 - 6. During the first 
season, the heifers wintered on the low plane of nutrition achieved 
significantly (P<0,01) higher summer gains than the heifers wintered at 
the medium nutritional level. These heifers (medium winter plane), in 
turn, achieved significantly (P<0,01) higher mass gains than the 
heifers wintered on the high plane of nutrition (Table 4). The degree 
of compensatory growth was rrodified by stocking rate (Table 4). During 
the 1985/86 season, the heifers wintered on the low plane of nutrition 
had significantly (P<0,01) higher summer gains than the heifers 
wintered at the medium and high levels. This trend was apparent at all 
three stocking rates (Table 4). In contrast to the 1984/85 season, 
compensatory growth on veld during the second season, between the 
medium and high winter nutritional levels was evident at the low 
stocking rate only (Table 4). 
It is important to note that whilst the hei fers wintered at the 
low level had significantly (p <0,01) higher gains on veld than the 
heifers wintered on the medium plane, the li vemasses of the hei fers 
wintered at the higher level were always higher at the end of the 
summer grazing period than the hei fers wintered at the lower level. 
Consequently the heifers wintered at the higher level during the first 






Mass gains (kg) during the summer grazing period and 
final livemasses (kg) at the end of the summer 
Winter Summer stocking rate (AU/ha) 
nutrition 0,75 1,0 1,25 
level 
gain final gain final gain 
High 84,60a* 337,20 75,20b 309,07 58,28c 
Medium 101,52b 333,50 88,36c 297,78 69,56a 
Low 120,32c 313,36 105,28a 290,00 90,24b 
High 68,40a 317,40 66,50a 323,30 64,60a 
Medium 79,80b 307,80 68,40a 306,00 72 20ab , 








* For each season, figures within columns and rows having different 
superscripts differ significantly (p < 0,01), 
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the desired mating mass (Table 4). 
The final sunmer li vemasses of the heifers wintered at the high 
and medium levels, and subsequently stocked at the low stocking rate 
hap attained the required mating mass of 330 kg by the end of the 
summer grazing period. These animals were therefore maintained during 
the subsequent winter feeding period, whilst the heifers in all the 
other treatments were fed to achieve the target mating mass by mid-
October. 
Having established that compensatory growth on sourveld was 
potentially an important factor, a detailed analysis of the mass gains 
on surmer veld was undertaken to determine at what stage of grazing 
compensatory growth occurred. These resul ts are presented in Table S. 
The surmer grazing period was divided into two phases: 1) the first '12 
weeks of grazing; 2) from the 13th week until the animals were removed 
from the veld. During the first 12 weeks of both seasons, the heifers 
wintered on the low plane of nutrition had significantly (P<O,OS) 
higher mass gains than the heifers wintered at the medium level, 
however, this trend was not apparent during the subsequent 14,S weeks. 
Signi ficant (p <0, OS) differences in summer gain between the animals 
wintered at the medium and high winter nutritional levels were cppa.rent 
for the first 12 weeks at all three stocking rates in the 1984/8S 
season, but anl y at the mediLrn stocking rate in the second season 
(Table S). Compensatory growth therefore took place dJrirg the first 12 
weeks of grazing and not over the whole grazing season. 
During the first season, all the heifers wintered on a high plane 
of nutrition had lower daily gains during the first 84 days on veld 
than dJring the subsequent 103 days of grazing, irrespective of 
stocking rate. However, the growth rates of the heifers wintered at the 






The effect of the interaction between the winter nutritional 
plane and summer stocking rate on compensatory growth in terms 
of mass gain (kg) and daily gain (ADG - kg/day) during two 
different grazing phases. 
Winter Summer Day 1 - 84 Day 85 - 188 
plane stocking 
rate Gain ADG Gain ADG 
High Low 34,70a * 0,42 53,90a 0,53 
Medium Low 48,80 b 0,58 57,30a 0,56 
Low Low 65,18 c 0,79 60,63a 0,59 
High Medium 28,54 a 0,34 46,84a 0,46 
Medium Medium 42,49 b 0,51 46,58a 0,46 
Low Medium 62,86 c 0,75 49,77a 0,49 
High High 13,86 a 0,17 45,93a 0,45 
Medium High 24,62 b 0,30 45,46a 0,45 
Low High 41,54 c 0,50 49,92 a 0,49 
High Low 41,51 a 0,53 25,80a 0,25 
Medium Low 44,76 a 0,57 36,60 b 0,34 
Low Low 53,40 b 0,68 36,90 b 0,34 
High Medium 36,9aab 0,47 30,80a 0,28 
Medium Medium 30,65 a 0,39 41,80 b 0,38 
Low Medium 47,58 b 0,61 40,40 b 0,37 
High High 27,80 a 0,53 25,80 a 0,25 
Medillm High 24,29 a 0,31 39,80 b 0,37 
Low High 46,03 b 0,59 39,70 b 0,36 
* For each stocking rate treatment and within columns, figures having 
different superscripts differ significantly (P < 0,05) 
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Table 6. Relationships between winter nutritional level and summer 
stocking rate on animal performance. Pooled data - 1984/85 
and 1985/86 seasons. 
Winter Summer n Correlation 
nutrition Stocking co-efficient 
level rate 
High High 24 r = -0,130 
High Medium 23 r = -0,318 
High Low 20 r = -0,485 
Medium High 23 r = -0,208 
Medium Medium 23 r = -0,726 
Medium Low 17 r = -0,611 
Low High 23 r = -0,071 
Low Medium 24 r = -0,342 
Low Low 20 r = -0,346 
* Significant at the 5% level 
** Significant at the 1% level 
Significance Regression 
level equation 
y = summer gain 
x = winter gain 
NS Y = 59,89 - 0,01 X 
NS Y = 79,62 - 0,14 X 
* Y = 104,12 - 0,60 X 
NS Y = 71,16 - 0,14 X 
** Y = 96,24 - 0,64 X 
** Y = 115,28 - 0,84 X 
NS Y = 85,08 - 0,16 X 
NS Y = 97,91 - 0,42 X 
NS Y = 101,55 - 0,97 X 
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weeks of grazing from the growth rates of the heifers wintered at the 
low and medium planes (Table 5). 
"Gut-fill" during the early part of the grazing season must have 
oq:urred, however, it is not possible to determine how much of the 
apparent compensatory growth was due to "gut-fill". These data suggest 
that when grazing was reasonably abundant (low stocking rate), 
compensatory growth occurred during the first 12 weeks of grazing and 
not evenly over the entire season. 
The pooled data for the two seasons indicating the relationship 
between winter nutritional level and sunmer stocking rate on animal 
performance are sunmarized in Table 6. The importance of stocking rate 
is once again demonstrated by the fact that significant negative 
correlations were obtained for the heifers stocked at the low stocking 
rate, having previously been subjected to the high (P<0,05) and the 
medium (P<0,01) planes of nutrition. The heifers wintered on the low 
plane of nutrition just failed to achieve significance (P>0,05). The 
correlation coefficients for the heifers wintered at the medium level 
and stocked at the mediun stocking rate were also siglificant (P<O,01). 
These figures indicate that the full potential of compensatory growth 
can only be realized when sufficient herbage is available during the 
realimentation phase. 
Total feed costs 
Total feed costs for the first and second winter feeding periods, 
for both seasons, are presented in Table 7. The livarass gains, for the 
various treatments, required during the second winter in order for the 
heifers to reach the target ITEting mass of 330 kg by rnid-October can be 
calculated from Table 4. A feed cost of R24,60 per heifer during the 
second winter was allocated to the heifers wintered at the high and 
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Table 7. Total feed costs incurred in rearing heifers up to the 
mating stage 
Season Winter 1st Winter 2nd Winter feed costs Total feed costs 
nutrition feed SR (AU/ha) SR (AU/ha 
level costs 0,75 1,00 1,25 0,75 1,00 1,25 
R R R R oR R R 
1984/85 
High 47,10 24,60 31,40 55,50 71,70 78;50 102,60 
Medium 43,31 24,60 48,33 67,28 67,91 91,64 110,59 
Low 33,53 24,96 60,00 89,31 58,49 93,53 122,84 
1985/86 
High 89,52 24,60 24,60 24,60 114,12 114,12 114,12 
Medium 46,14 33,30 36,00 48,00 79,44 82,14 94,14 
Low 35,09 73,95 78,90 82,50 109,04 113,99 117,59 
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medium levels and subsequently stocked at the light stocking rate 
(1984/85 season) because these heifers were required to only maintain 
their final summer livemasses during the second winter. All the heifers 
wi,ntered at the high level were required to achieve daily growth rates 
of less than 0,2 kg during the second winter in order to reach the 
required mating mass. These heifers were therefore also allocated a 
winter feed cost of R24,60 per head (Table 7). The heifers in the 
remaining treatments were fed at a cost of R1,50 per kilogram livemass 
gain. 
During the first season, the heifers wintered on the low plane of 
nutrition and subsequently stocked at the low stocking rate on summer 
veld realized the lowest feed costs (Table 7). The highest feed costs 
were realized by the heifers wintered at the low level and sillseQ...Jently 
stocked at the high stocking rate (Table 7). The restricted intakes 
resulting from the high stocking rates clearly prevented the heifers 
wintered at the low level from attaining maximum coopensatory growth m 
summer veld. Consequently, considerable winter feed IIBS reQ...Jired wring 
the second winter in order for these heifers to achieve the target 
mating mass of 330 kg by mid-October. 
The lowest feed costs during the second winter were realized by 
the heifers wintered on the medium plane of nutrition and subsequently 
stocked at the low stocking rate (Table 7). The highest feed cost were 
attributed to the heifers wintered at the low level and subsequently 
stocked at the high stocking rate on sunmer veld. The highest feed 
costs were therefore realized by the same treatment in both seasons. 
Whilst stocking rate appeared to be the dominant factor affecting 
total winter feed costs during the first season, plane of nutrition 
during the first winter appeared to be the dominant factor in the 
1985/86 season. These results not only highlight the complexity of the 
interactions between winter nutritional level and summer stocking rate 
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in the Highland Sourveld, but they reaffirm the need for the farmer to 
have a clear understanding of the condition of his veld and the 
requirements of the different classes of animals. 
Reproduction trends 
Replacement heifers born 1981 - calved 1984 
The performances of these animals up to the mating stage have 
previously been described (Van Niekerk, 1985). 
The number of heifers involved in the experiment, culled, 
diagnosed pregnant, calved and the calving rate are sumarized in Table 
8. Animals were culled at the end of the summer grazing period if they 
had not yet reached a livemass of 240 kg by this stage. It was 
considered uneconomical and therefore impractical to feed these animals 
during the winter feeding phase. 
Twenty of the original ninety four animals lIEre culled of which 11 
(55%) had been wintered on the low plane of nutrition and 9 (45%) on 
the medium plane during the first winter. None of the heifers wintered 
on the high plane of nutrition were culled (Table 8). 
Hei fers were mated over a 60 day period and three l!Eeks before the 
main herd. Seventy four heifers were mated of which forty four calved 
(59,46%). There were, however, considerable differences in calving 
rate, both between and within treatments. No clear relationship betl!Een 
calving rate and winter plane of nutrition or between calving rate and 
summer stocking rate was apparent. 
In an attempt to pin-point the reasons for the poor conception 
rates in some of the groups, the livemasses of the pregnant and 
non-pregnant heifers at the start of the mating season were analysed 
(Table 9). It is apparent from these data that the differences in mass 
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between the heifers that conceived and those that failed to conceive 
were relatively small. The pooled data of the pregnant and the 
non-pregnant heifers indicated that there were no statistically 
significant differences in mass at the beginning of the mating season 
(Table 9). 
The overall poor conception rate (59,46%) of the heifers can 
probably be ascribed to a bull effect. The heifers were run as one 
group during the breeding season (60 days) together with three bulls, 
gi v ing an eff ecti ve bull to cow ratio of 1: 25. Whilst the bulls were 
fertility tested, they were young and lacked experience, particularly 
with heifers. 
The calving data of the 44 heifers that did calve are summarized 
in Table 10. Based on the mean calving date, it is evident that, with 
the exception of the heifers wintered at the low level and subseQ,Jently 
stocked at the high stocking rate, the mean conception date was within 
30 days of the commencement of breeding. The low winter/high stocking 
rate heifers had a mean conception date 42 days after the initiation of 
the breeding season. 
There was also no discernible effect of treatment On calf birth 
mass (Table 10). Calf birth mass was however, significantly correlated 
(P<0,05) with the mass of the dam at mating. The correlation 
coefficient was r = 0,346 and the regression eQ,Jation Y = 3,264 + 0,079 
(Y = birth mass; n = 44). 
Subsequent calving performance 
The number of calves born over the last three seasons to heifers 
that calved for the first time in 19B4 is summarized in Table 11. 
Thirty (68%) of the 44 heifers produced three calves in three years, 
thirteen (30%) heifers produced two calves in three years and only one 
heifer produced one calf in three years. Whilst a detailed statistical 



























Number of heifers culled, diagnosed pregant or non-pregnant, and 
the calving rate for replacement heifers born during the 1981 
season. 
Summer No. of No. of No. of No. of No. of Calving 
stocking animals animals animals animals animals rate 
rate culled pregnant not calved % 
pregnant 
High 9 0 8 1 8 88,89 
Medium 9 0 8 1 9 100,00 
Low 5 0 3 2 2 40,00 
High 14 4 7 3 3 30,00 
Medium 15 1 8 6 3 21,43 
Low 15 4 9 2 7 63,64 
High 9 5 3 1 3 75,00 
Medium 9 4 4 1 5 100,00 
Low 9 2 5 2 4 57,10 
Livemasses (kg) of pregnant and non-pregnant heifers at the 
beginning of the mating season. Replacement heifers born 
1981. 
Summer , 
stocking Livemass at beginning of mating season 
rate Pregnant Non-pregnant 
High 348,75 ± 29,70 340,00 ± 0 
Medium 342,75 ± 16,83 340,00 ± 0 
Low 324,00 ± 10,39 348,00 ± 11 ,31 
High 330,29 ± 17,41 329,33 ± 10,07 
Medium 336,57 ± 18,43 340,00 ± 29,61 
Low 349,56 ± 16,99 328,00 ± 17,44 
High 324,00 ± 17,09 324,00 ± 0 
Medium 332,00 ± 9,93 348,00 ± 0 
Low 353,20 ± 29,58 347,00 ± 7,07 
-
Mean 337,90 + 11,14 338, 26 + 9, 11 
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analysis of the data was not possible due to the small number of 
animals involved, no long-term effects of treatment on subsequent 
calving performance were apparent. 
Since the interval between calvings is of ecommic si91ificance to 
the farmer and the beef industry as a whole, the effect of treatrrent on 
calving interval was studied. The pooled data from all the treatments 
indicated that the mean calving interval between the first and second 
calf was 399 days (Table 12). Whilst this figure appears high, it 
should be noted that the replacement heifers were mated 30 days prior 
to the main breeding herd. The mean calving interval betllEen the second 
and third calves was 373 days (Table 12) which meant that as first-calf 
heifers, these animals conceived within the first 20 - 30 days of the 
start of the breeding season. Previous treatments apparently did not 
affect the calving interval between either the first am second calf or 
the second and third calf. 
Replacement heifers born 1983 - calved 1986 
The performance of these heifers up to the mating stage are 
described in Table 2 and Table 4 (1984/85 season). 
A summary of the number of animals involved in the analysis, the 
number culled, animals diagnosed pregnant or non-pregnant and the 
calving rates of the heifers in the various treatments, are presented 
in Table 13. In contrast to the previous season's results, onl y two 
animals were culled at the end of the 1985 summer grazing period 
whereas 20 animals were culled at the end of the 1983 summer grazing 
period. 
Calving rates were consistently high with a mean calving rate, for 
all the treatments, of 94,83%. The high calving rate can be partially 
ascribed to the fact that bull performance was monitored; any bull that 
appeared not to be working was replaced. The breeding season was 
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Table 10. Calving date, mass at breeding and birth mass of progeny born 
to heifers. Progeny born 1984. 
Winter Summer Dcte of Calving Heifers mass 
Calf birth 
nutrition stocking n at breeding mass 
level rate (kg) (kg) 
High High 8 22.08.84 ± 10 346,75 ± 31,91 29,13 ± 4,32 
High Medium 9 20.08.84 ± 10 343,56 ± 15,93 30,44 ± 6,27 
High Low 2 19.08.84 ± 6 318,00 ± 0 26,00 ± 2,83 
Medium High 3 24.08.84 ± 8 338,67 ± 8,08 34,00 ± 2,00 
Medium Medium 3 16.08.84 ± 4 340,67 ± 11 ,37 30,33 ± 3,79 
Medium Low 7 21.08.84 ± 11 348,86 ± 16,41 30,00 ± 5,83 
Low High 3 04.09.84 ± 74 315,33 ± 10,07 29,33 ± 4,16 
Low Medium 5 18.08.84 ± 10 329,20 ± 21,34 29,20 ± 7,69 
Low Low 4 18.08.84 ± 15 349,30 ± 35,60 31,00 ± 8,08 
Table 11. The effect of Treatment on the number of calves produced by 
replacement heifers. 
Winter Summer No. of calves born in 3 years nutrition stocking 
level rate 3 2 1 
High High n = 8 7 (87,5%) 1 (12,5%) nil 
High Medium n = 9 6 (66,7%) 2 (22,2%) 1 (11,1%) 
High Low n = 2 nil 2 (100,0%) nil 
Me("l.ium High n = 3 2 (66,7%) 1 (33,3%) nil 
Medium Medium n = 3 2 (66,7%) 1 (33,3%) nil 
Medium Low n = 7 5 (71,4%) 2 (28,6%) nil 
Low High n = 3 2 (66,7%) 1 (33,3%) nil 
Low Medium n = 5 4 (80,0%) 1 (20,0%) nil 
Low Low n = 4 2 (50,0%) 2 (50,0%) nil 
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restricted to sixty days. The heifers llEre rlIl as me g1'OLP with a bull 
to cow ratio of 1:25. 
The livemasses at the beginning of the mating season of the five 
h~ifers that did not conceive were compared with their pregnant 
counterparts (Table 14). Subsequent analysis shOllEd that in all but me 
treatment, the heifers that failed to conceive were slightly heavier 
than the animals that did concei vee The difference in mass at the 
beginning of the mating season between the heifers that did conceive 
and those that did not was therefore unlikely to have affected 
conception rate. 
The reproductive performances of the heifers that calved are 
summarized in Table 15. All the heifers conceived within 20 days of the 
ini tiation of the breeding season. The heifers wintered on the low 
plane of nutrition and subsequently stocked at the low stocking rate 
conceived within seven days of being put to the bulls. Treatment 
exerted no significant effect on calf birth fTBSS (Table 15). Calf birth 
mass was significantly (P<0,05) correlated with the mass of the dam at 
conception. The correlation coefficient was r = 0,376 and the 
regression equation Y = 11,22 + 0,054X (Y = birth mass; n = 94). 
DISCUSSION 
The results presented in this study have been obtained by 
simulating an eight camp rotational grazing system. Whether similar 
results could be obtained from a four camp, or continuous grazing 
system, is cpen to speculation. This is an area that is at present 
being researched at the Thabamhlope Research Station. However, the 
grazing management aspect must be taken into consideration when 















The effect of Treatment on the calving interval in replacement 
heifers. 
Summer Interval between calving (days) 
stocking 1st calf - 2nd calf - 1st calf -
rate 2nd calf 3rd calf 2nd calf 
1984 - 1985 1985 - 1986 1984 - 1986 
High 392,14 ± 10,7 361,17 ± 9,9 -
Medium 388,67 ± 11,10 373,67 ± 17,9 766,00 ± 28,28 
Low 437,00 ± 0 - 762,00 ± 0 
High 386,00 ± 6,25 383,00 ± 5,20 -
Medium 399,33 ± .12,90 265,00 ± 4,90 -
Low 391,60 ± 10,43 365,00 ± 2,91 749,00 ± 0 
High 406,50 ± 81,32 387,50 ± 3,54 -
Medium 390,60 ± 10,16 366,75 ± 6,07 -
Low 401,50 ± 7,78 381,00 ± 16,97 770,00 ± 7,07 
Mean 399,26 ± 15,63 372,95 ± 9,81 761,75 ± 9,11 
-
Table 13. Number of heifers culled, diagnosed pregnant or non-pregnant 
and the calving rate for replacement heifer-s born during the 
1983 season. 
Winter Summer No. of No. of No. of No. of No. of Calving 
nutrition stocking animals animals animals animals animals rate % 
level rate culled pregnant not calved 
pregnant 
High High 13 2 lOa 1 9 81,82 
High Medium l3 0 13 0 13 100,00 
High Low 9 0 9 0 9 100,00 
Medium High 12 0 11 1 11 91,67 
Medium Medium 14 Ib l3 0 13 100,00 
Medium Low 10 l c 9 0 9 100,00 
Low High 11 1d <) 1 9 90,00 
Low Medium l3 0 13 0 13 100,00 
Low Low 11 0 10 1 9 90,00 
a = 10 cows pregnant - calf born dead - excluded from analysis 
b, c = cows died - lightning strikes 
d = cow died 
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Table 14. Livemasses (kg) of pregnant and non-pregnant heifers at the 
beginning of the mating season. Replacement heifers born 1983. 
Winter Summer Livemass at beginning of mating season 
nutrition stocking 
level rate Pregnant Non-pregnant 
High Hi gh 346,64 ± 31,09 336,00 ± 0 
High Medi um 361,31 ± 40,28 -
High LO\\l 379,60 ± 27,19 -
Medium High 340,91 ± 31,14 347,00 ± 0 
Medium Medium 354,36 ± 37,55 -
Medium Low 366,40 ± 28,01 -
Low High 338,30 ± 34,84 346,00 ± ° Low Medium 357,85 ± 35,25 -
Low Low 363,44 ± 23,45 394,00 ± 0 
Mean 356,53 ± 13,14 355,75 ± 25,98 
Table 15. Calving date, mass at breeding and birth mass of progeny born 
to heifers. Progeny born 1986. 
Winter Summer Date of Heifer mass Calf birth 
nutrition stocking n calving at breeding mass level rate (kg) (kg) 
High High 9 15.08.86 ± 30 351,67 ± 27,61 30,22 ± 7,1 
High Medium 13 12. ()8 .86 ± 18 361,31 ± 40,28 32,62 ± 2,31 
High Low 9 15.08.86 ± 23 376,86 ± 29,79 30,79 ± 4,68 
Medium High 11 12.08.86 ± 13 338,45 ± 29,53 29,27 ± 4,86 
Medium Medium 13 11. 08.86 ± 13 351,92 ± 37,83 29,92 ± 5,78 
Medium Low 9 12.08.86 ± 13 369,56 ± 27,76 32,00 ± 2,83 
Low High 9 06.08.86 ± 12 339,89 ± 36,90 30,44 ± 4,48 
Low Medium 13 09.08.86 ± 16 357,85 ± 35,25 31,00 ± 5,63 
Low Low 9 28.07.86 ± 11 363,79 ± 23,33 28,44 ± 3,25 
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utilized during the 1984/85 season had previously undergone a full 
season's rest with a burn at the end of September. The animals 
commenced grazing on the 13th of November 1984. 
During the first four weeks on veld, the animals wintered on the 
low plane of nutrition gained at rates of 0,94 kg, 1,06 kg and 0,82 kg 
per day on summer veld in the . low, medium and high stocking rate 
treatments respectively (Fig. 1 - 3). A large proportion of these gains 
can be ascribed to "gut-fill". This view is supported by the fact that 
the animals previously wintered on the medium and high planes of 
nutrition achieved significantly (P<0,01) lower mass gains for the 
first four weeks on veld than their low winter plane counterparts 
(Figures 1, 2 and 3). The problem of "gut-fill" has been recoglised for 
a long time (Palsson & Verges, 1952a and 1952b; JOLbert, 1954; Wilson & 
Osbourn, 1960). It was therefore inevitable that in the 1960's the use 
of li vernass fluctuations as the evaluation criterion of compensatory 
growth changed, with increasing attention being devoted to carcass 
masses (Lawrence & Pearce, 1964a and 1964b). fYbre recently, information 
on the dynamic variations in the distribution and composition of 
various body components has increased the understanding of mass 
loss/mass gain relationships (O'Donovan, 1984). 
During the second season (1985/86) the veld I!.ES rested only ciJring 
the winter months (June to October). No burning took place. 
Consequently, the quality of grazing available would probably have been 
lower than during the previous season (Mes, 1958; Tainton, Groves & 
Nash, 1977). The quantity of herbage available may also have been 
reduced due to the short rest period, during which very li tUe growth 
would have taken place. The mass gains of the heifers for the first 
four weeks on veld during the second season support these viewpoints. 
The hei fers wintered on the low plane of nutrition had subsequent 
summer gains of 0,58 kg, 0,20 kg and 0,52 kg per day (Fig. 4 _ 6) for 
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the low, medium and high stocking rate treatments respectively. 
Although a large proportion of these gains would have been due to 
"gut-fill", the mass gains were nevertheless lower than those achieved 
during the previous season. 
The inverse relationship between level of winter feeding and 
subsequent performance on sunmer veld (Table 6) indicates the ability 
of the heifers to exhibit compensatory growth. The precise mechanisms 
contributing to compensatory growth are not fully understood. The 
subject has been comprehensively reviewed by Wilson & Osbourn (1960), 
Allden (1970) and 0' Donovan (1984). According to Gleeson (1972), the 
degree of compensation depends on the nature of the under-nutrition, 
the severity of under-nutrition, the duration of the under-nutrition 
period, the stage of development at the start of under-nutrition, the 
relative rate of maturity of the animals and the pattern of 
realimentation. In the present study the degree of under-nutrition 
could not be described as severe and by the end of the second winter 
feeding period complete compensation had occurred. Sixty to eighty 
percent of the compensation had taken place by the end of the summer 
graz i ng phase (Figures 1 6). IYbst of the compensation took place 
during the first 12 weeks of the grazing season. The results from this 
study are in general agreement with those of Gleeson (1972), ltBnyoike & 
Holmes (1981) and O'Donovan (1984). 
The mass compensation realized on veld varied between 52% at the 
high stocking rate and 82% at the low stocking rate. McCarrick, 
Harrington & Conway (1963) and Lawrence & Pearce (1964a) recorded mean 
compensation values of 75 - 80% which were close to the figures 
recorded at the low stocking rate in this study. However, the majority 
of workers (Hull, Meyer, 80nillan & Weitkamp, 1965; 8roadbent, 8all & 
Dodsworth, 1969; O'Donovan, 1972 and Horton & Holmes, 1978) found 
degrees of compensation on pasture ranging from 32 to 55% which are 
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similar to the compensation values achieved in this study at the high 
stocking rate. These figures suggest that stocking rate, by affecting 
the amount of herbage available, may modify the degree of compensatory 
g~owth severely. 
The significant inverse correlations in mass gain shoun in Table 
6 are slightly lower than those obtained by other workers. Lawrence & 
Pearce (1964a) obtained figures of -0,78 compared with those of -0,75 
to -0,80 recorded by McCarrick et a1. (1963) and -0,81 measured by 
Wanyoike & Holmes (1981) • Wi thin each stocking rate treatment, the 
compensation on sunmer veld was considerable but never complete. For 
instance, the difference in mass gain between the different treatments 
at the beginning of the sunmer grazing period was always reduced (the 
degree depending on the stocking rate) but never totally eliminated by 
the end of the sunmer grazing period (Figures 1 - 6). The data does 
however provide sufficient evidence to support the idea of exploiting 
compensatory growth on Highland Sourveld as part of a management 
decision aimed at reducing the cost of rearing replacement heifers. 
Effect of stocking rate 
Increasing stocking rate effectively reduces the aTOUlt of herbage 
available to the animal and consequently performance declines. During 
the first season stocking rate significantly (P<0,01) modified the 
degree of compensatory growth on sunmer veld (Table 6). This was not 
the case during the second season. Whilst significant (p <0, 01) levels 
of compensatory growth were attained during the second season (Table 
4) , stocking rate had no apparent effect on roodi fy ing the degree of 
compensatory growth. 
Several researchers (Meyer, Hull, Weitkamp & 8onilla, 1965; 
O'Donovan, 1972; Horton & Holmes, 1978; Baker, YOlJ1g & Laws, 1982) have 
recorded higher feed intakes in cattle during periods of 
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realimentation. It is axiomatic that if the stocking rate is too high 
during the realimentation phase, then complete compensation is not 
possible. There was no shortage of grazing available to the heifers in 
the low stocking rate treatment during the second season and 
consequently herbage intake was probably not affected. Although the 
di fference in mass gains between the hei feres stocked at the low and 
high stocking rates did not differ significantly (Table 4), the heifers 
stocked at the high stocking rate had the benefit of constantly grazing 
fresh (regrowth) material which invariably is of higher quality 
(Tainton, 1981). Whilst these animals probably had insufficient feed 
intakes to record high rrass gains, the quality of the feed conslIlEd lJBS 
high. There is little doubt that the performance of the heifers ' during 
both seasons was affected by the production of the veld unich, in tum, 
was affected by the veld management. These data highlight the need to 
interpret data of this nature in the proper perspective. In other u.Jrds 
significant interactions between winter nutritional levels and 
subsequent summer performance may exist and the performance of the 
grazing animal rray be significantly affected by the way the veld is 
managed. 
The feed cost data presented in Table 7 are largely a reflection 
of the production of the veld during the two seasons. During the first 
season, when the grass was plentiful and of a relatively high quality 
(consequence of a burn), compensatory growth was GIl irrportant factor in 
reducing the feed costs during the second winter and therefore the 
total feed costs. It is significant that the lowest feed costs were 
recorded for the treatments stocked at the low (0,75 AU/ha) stocking 
rate. The heifers wintered on the low plane of nutrition and 
subsequently stocked at the low stocking rate recorded the lowest feed 
costs of all the treatments. 
During the second season, when stocking rate had a relatively 
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small effect on animal performance, feed costs during the first winter 
exerted the greatest influence on total feed costs (Table 7). The 
animals wintered on the high and low planes of nutrition had similar 
tqtal feed costs (Table 7), but for different reasons. The heifers 
wintered on the low plane recorded a low first winter feed cost 
(R35,09) but high second winter costs mainly due to the fact that the 
animals performed relatively poorly on summer veld. The animals 
wintered on the high plane of nutrition had high first winter feed 
costs (R89, 52) but low second winter costs, due to the fact that the 
mass requirements during the second winter were relatively low. 
Reproduction 
Conclusions on reproducti ve performances of the heifers stLdied in 
this experiment rust be considered as tentative rue to the snaIl rurber 
of heifers involved (175). Nevertheless the trends that have evolved 
from these trials provide important indications which might enable 
farmers to manage their heifers more efficiently in the Highland 
Sourveld. 
The primary reason for poor conception in replacerrEnt heifers is a 
failure to attain sexual maturity. Puberty in heifers is ooperdent LpCJl 
age and livemass at breeding (Allden, 1970; Lamond, 1970; Short & 
Bellows, 1971; 8urfening, 1974). The target mating mass is related to 
the mature size of the heifer, which is primarily a function of the 
breed (Bolix::len, 1977; Gregory, Laster, Cundiff, Smi th & Koch, 1979; 
Nelsen, Long & Cartwright, 1982). Dual-purpose animals such as 
Simmentalers, are sexually later maturing than 8ritish breeds and 
therefore are mated at 320 - 340 kg li vemass (Wil tbank, 1977). The 
condition scoring system advocated by van Niekerk & Louw (1980) is not 
intended for use CJl heifers. Theoretically, a heifer could attain the 
necessary condition for optimum conception, as reacrmerded for cows, at 
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10 rronths of age. However, heifers are generally not mated at such 
young ages. The interaction between mass and age remain the dominant 
factors affecting puberty (Allden, 1970). 
The heifers mated during the first season generally fell within 
this range (Table 11). The differences in mass at mating between the 
heifers that conceived and those that failed to conceive was not 
statistically significant. The relatively low calving rates of these 
heifers is ascribed largely to poor bull performances. The livemasses 
of the heifers at breeding during the second season (Table 14) were 
slightly heavier than cLring the first season (mean 356,53 kg vs. 
337,90 kg). Significant correlations (P<0,05) were established between 
the mass of the dam at mating and calf birth mass. This correlation 
could prove useful in practice in predicting possible dystocia. The 
effect of increased birth mass on the incidence of calving difficulty 
is well established (Bellows, Short, Anderson, Knapp & Pahnish, 1971; 
Dickerson, Kunze, Cundiff, Koch, Arthaud & Gregory, 1974; Burfening, 
Kress, Friedrich & Vaniman, 1978). The economic implications of calving 
difficulty make it essential that detailed attention should be given to 
this facet of management. 
The calving performance of the 1983 heifers was excellent with a 
mean calving rate of 94,83% (Table 13). As in the first season, there 
was no siglificant difference in the livemasses at the beginning of the 
breeding season between heifers that did not conceive and heifers that 
did conceive (Table 14). The reproductive performances of the heifers 
at second breeding is largely dependent on the time of first calving 
(Lesmeister, Burfening & Blackwell, 1973). In the current experiment, 
all the heifers calved within 30 days of the start of their first 
calving season (Table 10) and within the first 20 days during the 
second season (Table 15). This is a highly desirable situation because 
it is axiomatic that the calves born earlier in the season will be the 
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heaviest at weaning when the weaning time is fixed. Furthermore 
lifetime production of heifers born early in the season is 
significantly increased (Lesmeister et al., 1973; Roberts, Le Fever & 
W~ltbank, 1970). 
The subsequent calving performances of the 1981 replacement 
heifers (calved for the first time in 1984) indicates that 30 of the 44 
heifers studied produced the maximum of three calves in three years. 
Thirteen (29,55%) of the heifers produced two calves in three years 
(Table 11). These results were achieved despi te the fact that the 
heifers were subjected to various experimental treatments sLbsequent to 
their first calving. 
The fact that the heifers were mated for the first time three to 
four weeks before the main herd allowed heifers sufficient time to 
recover before being mated for the second time. As first-calvers, these 
animals were then able to compete with the mature herd during the 
breeding season. This aspect is discussed in more detail in Chapter 3. 
Conclusions 
These data suggest that when herbage is plentiful and of 
reasonably high quality, the optimum feeding regime on Highland 
Sourveld would be: low to medium plane of nutrition during the first 
winter so as to gain 0 to 0,25 kg per day followed by a stocking rate 
of not roore than 1,0 AU/ha. If, on the other hand, grazing is not 
plentiful and appears to be of relatively poor quality, then the 
nutri tional le~el during the first winter should be adjusted so as to 
achieve a growth rate of between 0,25 to 0,35 kg per day. The 
subsequent stocking rate on summer veld would need to be in the region 
of 0,75 AU/ha. 
The hypothesis that heifer rearing in the Highland Sourveld is 
largely an economic issue has been substantiated. However, attention 
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must be paid to stocking rate and veld management. The results show 
conclusively that compensatory growth is only possible if grazing is 
freely available (low stocking rate) and that fTDst of the stocking rate 
0Gcurs during the first 12 weeks of grazing. 
This experiment has identified the need to reduce either the total 
feed input during the winter or to reduce the length of the winter 
feeding period. The length of the winter feeding period can be reduced 
by extending the sunmer grazing period. Maize silage end E. curvula ray 
have formed the basis of the rations used at the Research Station. 
However, the use of other forages such as foggaged kikuyu and maize 
residue during the winter rronths must be considered in an attempt to 
reduce feed costs. Maize stalks are used extensively in many areas for 
the wintering of dry pregnant cows (Creighton & van Schalkwyk, 1986). 
These researchers attach a figure of R40/ha/month to maize residues 
which works out at approximately 19c/cow/day. 
The viability of any beef enterprise in the Highland Sour veld 
appears to be highly dependent upon the ability of the operation to 
maximize sunmer grazing and reduce winter inputs. This aspect is 
considered in Chapter 2. 
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CHAPTER 2 
THE ROLE OF CONDITION SCORING AS A MANAGEMENT TOOL 
IN THE HIGHLAND SOURVELD 
INTRODUCTION 
The Highland Sourveld regions of Natal (Bioclimate areas 4e and 
4f; Phillips, 1973) are important beef producing areas. The cow/calf 
enterprise in particular is well suited to these semi-extensive 
conditions. 
A major factor influencing the profitability of beef production in 
the Highland Sourveld is the fact that the veld can, on average, 
provide only 210 to 240 days of grazing. During the rest of the year 
the animals require some form of supplementary feeding, lihich can often 
be an expensive operation. If the summer grazing period can be 
extended, the winter feeding period will be reduced and the economic 
viability of the enterprise will obviously be improved. Unfortunately, 
the solution is not quite so simple. One of the problems facing a 
farmer attempting to extend the summer grazing period is that the 
management of the breeding herd, particularly post-weaning and during 
the winter feeding period, is reasonably complex. The longer the cow 
remains on Highland Sourveld during the winter, the more her condition 
will deteriorate. This will necessitate the feeding of high quality 
feed in order for her to calve down in a reasonable condition. Any 
management decision rust ensure that: 1) The reproductive performance 
of the cow is not affected; 2) The veld is not damaged; 3) Optimum 
utilization of the available feed resources is realized. Economically 
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optimum cow and veld production returns would be improved if a simple 
management tool could be devised that allows for the reliable and easy 
assessment of the physiological state of a breeding cow. Such a tool 
should allow accurate rationing of the winter feed supply, and promote . 
increased reproducti ve performance, whilst simultaneously sustaining 
the vigour of the veld. 
Condition scoring as a rreans of assessing the body condition of 
beef and dairy cows and sheep has gained widespread acceptarce over the 
last 20 years (Jefferies, 1961; Russel, Doney & Gunn, 1969; Lowman, 
Scott & Somerville, 1976, Kilkenny, 1978; van Niekerk, 1982a; 1982b). 
Body condition was defined by Murray (1919) as 'the ratio of the amunt 
of fat to the amount of ron-fatty matter in the body of the living 
animal'. Whilst farmers have always visually assessed their cattle and 
sheep and described them as "thin", "fat" or "trim" these terms have 
been open to interpretation. The first objective system for describing 
body condition was devised by Jefferies (1961) for sheep. The system 
was based on a six-point scale with each point being cEscribed in terms 
of the amount of tissue cover over the lumbar region of the spine. 
Russel et al. (1969) quantified body condition scores on sheep by 
showing that body condition was closely related to the proportion of 
chemical fat in the body. Condition score t-as been shollJl to be a better 
indicator of the degree of fatness than has livemass, although, if 
animals are of similar body size, livemass and condition score afford 
similar levels of body fat (Guerra, Thwaites & Edey, 1972). The system 
descr ibed by van Niekerk & Louw ( 1980) and used extensi vel y in Natal 
and other parts of South Africa was based on the method described by 
Lowman et al. (1976) , but modified by research carried out at the 
Thabamhlope Research Station. 
Ideally a breeding cow should produce cnj raise a viable calf each 
and every year of her breeding life. However, this objective is seldom 
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achieved. The national calving rate in South Africa has been estimated 
to be in the region of 55%. One of the main reasons for this situation 
is an inadequate level of nutrition during strategic stages of the 
coI;1l's production cycle. Several researchers have suggested that the 
breeding cow should be on a rising plane of nutrition and gaining mass 
during the mating season to ensure a large calf crq:J (Wiltbari<, RolLden, 
Ingalls & Zimmerman, 1964; IYk:::Clure, 1965; Preston & Willis, 1974). 
However, a study by Richardson, Oliver & Clarke (1976) concluded that 
. the ability of an animal to conceive I1BS a fLllCtiOl of oody mass per se 
and not rate of gain during the breeding seasm. This view is SLpported 
by Lamond (1970); Topps (1977) and Frood & Croxton (1978) who go 
further and describe the condition of the cow at mating as being Ole of 
the most significant factors likely to affect a cow's ability to 
conceive. 
If target condition scores at strategic stages of the production 
cycle could be identified, then the available feed could be ratiOled to 
achieve the desired score. The objectives of this research were 
therefore to: 1) Establish the relationship between conditiOl score crd 
reproducti ve performance; 2) Gain reliable estimates of feed intakes 
and time-spans required to move from Ole condition score to the next; 
It was env isaged that the data emanating from these studies would 
enable target condition scores at parturition, breeding and weaning to 
be set. 
PROCEDURE 
Animals and treatments 
The data relating to condition score at mating and corceptiOl rate 
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were obtained from an analysis of .two years of breeding records at the 
Thabamhlope Research Station. A total of 550 records were reviewed. 
Condition ' score at mating for the cows that calved and the mean 
condi tion score during the breeding season for cows that failed to 
conceive were analysed. The time of conception in relation to the start 
of the breeding season was also analysed. 
A series of feeding experiments were designed to supplement the 
data obtained from the breeding records. A total of 175 cows were 
involved in two separate experiments aimed at assessing the amount of 
feed required and the time-span taken to improve from one condition 
score to the next. The animals were fed to achieve a final condition 
score of 3,0. In the first experiment seventy five pregnant and sixty 
three non-pregnant Simmentaler cows were involved. Non-pre~t animals 
were included in the trial to establish whether dry, pregnant cows 
required similar feed intakes and time periods to pregnant animals in' 
order to achieve the desired condition scores. The age of the cows 
varied between four and seven years. Seventeen mature cows and twenty 
first-calf heifers were compared in the second experiment. The animals 
were scored according to the procedure set out by van Niekerk & Louw 
(1980). The system involves assessing the amount of fatty tissue over 
the transverse processes and the pin-bones and tail-head areas. A 
fi ve-point scale is used with half-point increments. A score of one 
represents an emaciated animal and a score of five an obese animal. 
To reduce competition for feed, particularly croongst the very thin 
cows, animals were fed in groups each having the same score. Once the 
next highest score was attained the cow was transferred to that 
particular group. Thus a cow in group one with an initial condition 
score of 1,5 was transferred to group two, on attaining a condition 
score of 2,0. During the first experiment the cows were weighed and 
condition scored fortnightly. The mature cows and the first-calvers in 
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the second experiment were fed separately. The animals were condition 
scored three times a week and weighed weekly. 
The birth masses of the calves born to cows with different 
condition scores at the mset of winter were analysed to establish 
whether the degree of winter feeding necessary to improve the various 
condition scores had any effect on calf birth mass. 
Rations and feed intakes 
The basic diet in both feeding experiments was E. curvula h3y and 
maize silage fed ad libitun. In the first trial, the animals in GrOl.p 1 
(condition score 1,5) received 3,5 kg per head of a high protein 
concentrate in addition to the basic diet. Each condition score group 
was allocated a separate feeding pen that allowed adequate feeding 
space. Feed intakes were recorded daily. 
RESUlTS 
Relationship between body condition at mating and conception rate 
The relationship between body condition at mating and 
reproductive performance is illustrated diagranmatically in Figure 7. 
The highest calving rates were achieved when the condition of the cow 
at mating was 3,0. Cows with condition scores of 1,5 and 2,0 at mating 
had siglificantly lower conception rates than cows with a condition 
score of 3,0. It is also clear from the data in Figure 7 that the cows 
in poor condition at mating conceived later in the mating season than 
cows in better (CS 3,0) condition. Cows with conditim scores of 3,0 to 
3,5 at mating conceived within the first 21 days of the start of the 
mating season, whilst cows with a condition score of 1,5 to 2,0 
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The drop in mass invnediately post-partum because of the birth of 
the foetus and loss of associated fluids correSiXJnded with a da:::line in 
body condition of the cow. The loss in body cordition irrrrEdiately after 
ca.l-v ing was not quantified, however, whilst there IJBS variation betliEen 
cows, the condition score loss was generally observed to be half a 
condition score point. Cows calving at a condition score of 3,0 
generally lost half a score within two to three weeks of calving. The 
implications when the condition of the cow at parturition is less than 
3,0 are therefore obvious (Figure 7), particularly if the breeding 
season commences within 60 - 80 days of parturition. Experience gained 
at the Research Station from feeding cows in early lactation has shown 
that sufficient good quality feed is necessary to merely maintain body 
condition and - that it is extremely difficult to improve a cow's 
condition during the early post-partum period. 
First experiment 
I'Iass and condition score changes 
At the start of the experiment the preg1Cl1t CXlWS lIEre six to seven 
months pregnant. The pregnant cows were significantly (P<0,01) heavier 
than the non-pregnant cows at an initial condition score of 1,5 (Table 
16). The difference in mass between the pregnant and non-pregnant cows 
was probably due to the mass of the foetus and associated fluids. The 
pregnant cows required 32 days to attain a condition score of 2,0 and 
the non pregnant cows 29 days. The difference in mass gained was not 
statistically significant (Table 16). Pregnant cows required 34 days to 
improve their condition from 2,0 to 2,5 during which time they gained 
49,7 kg. In comparison, the non-pregnant cows achieved a condition 
score of 2,5 after 35 days during which time they gained 22,4 kg (Table 
16). The difference in mass gain was statistically significant 
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(P<0,01). A total of 85 days were required by both the pregnant and 
non-pregnant cows to achieve a condition score of 3,0. The pregnant 
cows gained 85 kg and the non-pregnant cows 74,3 kg over this period. 
The mass gains of both the pregnant and non-pregnant cows with an 
initial condition score of 2,0 are sunmarised in Table 17. The preg-ant 
cows required 26 days and gained 27,4 kg in attaining a conditim score 
of 2,5, whilst the non-pregnant cows required mly 21 days to ochieve a 
condition score of 2,5 but gained significantly (P<0,01) less mass 
(18,0 kg) than the pregnant cows during this period. A condition score 
of 3,0 was attained after 23 days by the pregnant cows and after 28 
days by the non-pregnant cows. During this period, the pregnant cows 
gained 21,7 kg and the non-pregnant cows 20,9 kg (NS). The total time 
taken to improve the condition score of both the pregnant and the 
non-pregnant cows from 2,0 to 3,0 was 49 days. During this time 
however, the pregnant cows gained 49,1 kg coopared to a 38,9 kg gain by 
the non-pregnant cows (Table 17) • This difference was highly 
significant (P<0,01). 
The mass gains and condition score changes of cows with a'l initial 
condition score of 2,5 are reflected in Table 18. The mass gains and 
number of days required to achieve a condition score of 3,0 were 
similar for both the pregnant and non-pregnant cows. These time-spans 
and mass gains correspond well with those of cows with an initial 
condition score of 2,0 (Table 17). 
Non-preglant cows with an initial condition score of 1,5 reQ.,Jired 
35 days to improve their condition from 2,0 to 2,5. During this time 
they gained 22,4 kg. In contrast, non-pregnant cows with an initial 
condition score of 2,0 required only 21 days to achieve a score of 2,5 
and gained 18,0 kg in the process (Table 17). The cows with an initial 
condi tion score of 1,5 therefore required 14 days longer to improve 
their score from 2,0 to 2,5 than the cows with en initial s:ore of 2,0. 
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Table 16. Mass and condition score (CS) changes for cows with 
an initial condition score of 1,5. 
Initial mass (kg) 
Mass at CS 2 ,0 (kg) 
Mass gain (kg) 
No. days CS 1,5-2,0 
Mass at CS 2,5 (kg) 
Mass gain (kg) 
No. days CS 2,0-2,5 
Mass at CS 3,0 (kg) 
Mass gain (kg) 
No. days CS 2,5-3,0 
Total mass gain 1,5-3,0 (kg) 
No. days · 
* Figures within rows having 









14 4a , 27 2a , 
32 29 
472,Oa 427 ,3b 





85 Oa , 74,3a 
85 85 
different superscripts differ 
Table 17. Mass and condition score (CS) changes of cows with 
an initial condition score of 2,0. . 
Cows 
Pregnant Non-pregnant 
Initial mass 445,7a* 404,4b 
Mass at CS 2,5 473,l a 422,4b 
Mass gain 27 4a , 18 Ob , 
No. days CS 2,0-2,5 26 21 
Mass at CS 3 ,0 494,8a 443,3b 
Mass gain 21 7a , 20,9a 
No. days CS 2 ,5-3,0 23 28 
Total mass gain 2,0-3,0 49,1 38,9 
No. days 49 49 
* Figures within rows having different 
significantly (P <0,01) 
superscripts differ 
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The difference in mass gain between the two groups was however very 
small (4,9 kg). These data indicate that the cows with an initial 
condition score of 1,5 required considerably longer to improve their 
bo~y condition, than cows that were in better condition initially, 
despite recording similar mass gains. This factor is economically 
significant as the additional 14 days represents a ccnsiderable cost in 
terms of feed inputs. 
Feed costs 
The feed intakes for both the pregnant and non-pregnant cows are 
summarised in Table 19. The cost of the rations for the cows with an 
initial condition score of 1,5, 2,0 and 2,5 was 14,42c, 13,29c and 
12,28c per kg OM respectively. The difference in costs between the 
rations is due to the increased level of concentrates fed to the 
animals in poorer condition. There was no signi ficant differerce in dry 
matter intake between the pregnant and non-pregnant cows. PreglCllt cows 
with an initial condition score of 1,5 consumed 8,85 kg of dry matter 
per day for 85 days whilst the cows with an initial condition score of 
2,0 and 2,5 consumed 8,25 kg OM/day and 8,69 kg OM/day respectively. 
The differences in intake between the groups was non-significant. 
However, because of the extended feeding period the cost of improving a 
cow's condition from 1,5 to 3,0 was R1 08, 01 or R1, 27 per day, whilst 
the cost of feeding a cow from a condition score of 2,0 to 3,0 was 
R53,77 or R1, 10 per day. Cows with an initial condition score of 2,5 
attained a score of 3,0 after only 26 days at a cost of R27, 74 or R1 ,07 
per cow per day. These figures provide considerable evidence to 
substantiate the contention that too poor a condition in breeding cows 
prior to the winter feeding period will increase feed costs and reduce 
the economic viability of the enterprise in the Highland Sourveld. 
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Table 18. Mass (kg) and condition score (CS) changes of cows 
with an initial condition score of 2,5. 
Cows 
Pregnant Non-pregnant 
* 428,Oa Initial mass (kg) 438,9a 
Mass at CS 3,0 (kg) 468,3a 452,la 
Mass gain (kg) 29,4a 24 1a , 
No. days CS 2,5-3,0 26 30 
* Figures within rows having different superscripts differ 
significantly (P< 0,01). 
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Second experiment 
Mass and condition score changes 
The mass and condition score changes of both the mature cows and 
first-calf heifers are shown in Table 20. Although the performances of 
the cows with an initial condition score of 1,5 are also presented in 
Table 20, they have been excluded from any fwrther analyses because of 
the small number of animals involved (n=6). The difference in initial 
mass between those mature cows and first-calvers with an initial 
condition score of 2,0, was 33,78 kg (P<0,05). However, in achieving a 
condition score of 2,5, the mature cows gained 40,40 kg in 26,18 days 
whilst the first-calvers gained 37,45 kg in 33,82 days (Table 20). This 
trend persisted over the entire experimental period. The mature cows 
achieved a condition score of 3,0 after 46,18 days during which time 
they gained 55,32 kg of livemass, whilst the first-calvers required 
53,22 days and gained 38,18 kg to reach a condition score of 3,0 (Table 
20). These results suggest that the mature cows were more efficient in 
replacing lost body reserves than the first-calvers. These results are 
not surprising since the first-calvers were not fully mature and were 
therefore still in a growing phase. 
The 46 days required by the mature cows to iITprove their condition 
score from 2,0 to 3,0 compares favourably with the 49 days required by 
the cows in the first experiment (Table 17). 
Feed intakes 
Daily feed intakes for mature cows and first-calf heifers are 
reflected in Table 21. The mature cows consumed 500,31 kg of dry matter 
per head during the 61,85 days required to a:hieve a condition score of 
3,0 (an average of 8,10 kg of dry matter per head per day). The 
first-calvers, on the other hand, consumed 600,96 kg of dry matter per 
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Table 19. Daily feed intakes (kg) for pregnant and non-pregnant cows in varying 
body condition, fed to achieve a condition score of 3,0. 
Pregnant <DIS ~tcows 
~ &y ~ IE ]}of Ihys &y Silage IE ]}of 
(kg) (kg) (kg) (kg) (kg) (kg) (kg) (kg) 
Initial CS 1,5 
CS 1,5-2,0 32 3,g) 11,05 3,22 9,64 29 3,52 11,00 2,97 8,73 
CS 2,~2,5 34 4,72 9,g) 2,01 8,95 35 4,07 10,20 1,9) 8,35 
CS 2,5-3,0 19 3,67 10,24 0,94 7,18 21 4,40 10,26 0,95 7,ffi 
CS 1,5-3,0 85 357,ffi 007,24 1ffi,24 749,XJ 85 336,93 ffi4,78 172,58 710,19 
Feed costs R 34,05 22,ffi 51,10 100,01 
Cost/kg/l11 c 14,42 
Initial CS 2,0 
CS 2,~2,5 2fJ 4,'5) 10,52 2,00 8,87 21 4,44 10,87 2,19 9,12 
CS 2,5-3,0 23 4,62 8,54 0,<13 7,% 28 4,ffi 9,62 0,95 8,07 
CS 2,~3,0 49 220,40 469,94 76,62 404,5D 49 m,32 497,63 72,::!) 417,48 
Feed costs R 20,97 12,11 20,69 53,77 
Cost/kg/l11 c 13,29 
Initial CS 2,5 
CS 2,5-3,0 26 5,62 9,66 1,05 8,69 3) 5,18 8,43 0,83 7,9) 
Total 146,12 251,16 27,3) 225,94 155,40 252,9) 24,9) 237,00 
Feed costs R 13,9) 6,47 7,37 27,74 
Cost/kg/Il1 c 12,28 
Feed costs: E. curvula hay R105,71/ton DM 
Maize silage R 85,90/ton DM 
HPC R300,00/ton DM 
57 
head in order to achieve a condition score of 3,0. The feed was 
consumed over a period of 72,55 days at an average of 8,28 kg of dry 
matter per head per day. The mature cows therefore consumed less (NS) 
d~y matter per head per day than the first-calvers. Dry matter intake 
based on a percentage of li ve bodymass for the mature cows was 1,74% 
and 1,95% for the first-cal vers. Despite the fact that the cows were 
fed the rations ad libitum and that adequate feed space was available, 
these percentage intake figures are slightly lower than NRC (1984) 
standards for a 450 kg dry, pregnant cow during the middle third of 
pregnancy. The reasons for this situation are obscure. There is, 
however, little doubt that the utilization of the feed and the 
deposition of subcutaneous (visible) fat was quite different for the 
two classes of animals. 
The fact that the first-calvers were not fully mature meant that 
they had a relatively higher protein requirement than the mature cows 
(NRC, 1976). Crude protein analyses indicated that the diet provided a 
maximun of 480 g of crude protein per head per day. The maintenance 
protein requirement for a 450 kg cow in the middle third of pregnancy 
is 590 g per day (NRC, 1984). The first-calvers were therefore clearly 
short of protein. Apparently the mature cows were able to satisfy their 
maintenance requirements and still convert available feed into body 
reserves. 
Effect of winter nutrition on calf birth mass 
It was important in this study to establish to what extent calf 
birth mass was affected by poor dam condition at the beginning of 
winter and the plane of nutrition required to improve the condition of 
the cow. A sunmary of the birth masses of calves born to cows with 
varying condition scores at the start of the winter feeding period in 
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Table 20. Mass (kg) and condition score changes for mature cows and first-
calvers 
Cows 
Mature cows First-calvers 
Initial mass CS 1,5 (kg) 390,67 + 22,03 370,67 + 58,05 
Mass at CS 2,0 (kg) 415,33 + 31,26 391,33 + 64,79 
No. days 15,67 + 4,04 19,33 ± 2,31 
Initial mass CS 2,0 (kg) 437,60 + 40,04a 403,82 ± 33,48b 
Mass at CS 2,5 (kg) 478,00 + 34,76 a 441,27 + 38,21 b 
No. days 26,18 + 7 24a , 33,82 ± 8 46a , 
Initial mass CS 2,5 (kg) 478,92 + 38,92a 443,20 + 41,24b 
Mass at CS 3,0 (kg) 492,92 + 42,60a 442,00 ± 36,88b 
No. days 20,00 ± 5 12a , 19,40 ± 9,58a 
Mass at CS 2,0 (kg) 437,60 + 40,04a 403,82 + 33,48b 
Mass at CS 3,0 (kg) 492,92 + 42,60a 442,00 ± 36,88b 
Mass gain (kg) 55,32a 38,18a 
No. days CS 2,0-3,0 46,18 53,22 
Figures within rows having different superscripts differ significantly 
(P<0,05). 
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the first and second experiments is shown in Table 22. In the first 
experiment, cows with initial condition scores of 1,5 and 2,0 produced 
calves that averaged 3,5 kg more than those from cows with an initial 
condition score of 2,5. This trend was not evident in the second 
experiment. No definite conclusions can be draun fran the data for cows 
with an initial condition score of 1,5 during the second experiment 
because of the small number of calves involved (n=6). HClJEver, the data 
does suggest that cows with initial conditirn scores of 1,5 did recover 
sufficiently for the foetus not to be detrimentally affected. 
DISCUSSION 
The results from this study have highlighted the irrportarce of the 
body condition of the breeding cow at mating on subseQJent reproructive 
performance. Body condition is essentially a reflection of the 
nutritional regime being applied. These results are therefore in 
general agreement with other research, which suggests that reproructive 
performance is largely dependent upon the nutritional state of the cow 
(Wiltbank, Rowden, Ingalls, Gregory & Koch, 1962; Croxton & Stollard, 
1976; Topps, 1977; Dunn & Kaltenbach, 19Bo; Haresign, 1980; Rutter & 
Randel, 1984). The winter feeding programme at the Research Station is 
based on maize silage and E. curvula hay. In a research situation, 
where specific objectives must be met, a reliable source of good 
quality feed is essential. However, whist many farmers in the Highland 
Sourveld do make use of maize silage and hay, alternative, cheaper 
sources of winter feed must be investigated. The possible use of 
foggaged pastures and maize residues were discussed in Chapter 1. The 
use of spared winter veld together with a rllTlen stimulating lick has 
not been successful at the Station. However, this aspect is receiving 







Daily feed intakes (kg) for mature cows and first-calf heifers in varying 
body condition, fed to achieve a condition score of 3,0. 
--
Mature cows First-calvers 
Days Hay Silage IJot Days Hay Silage IJot 
(kg) (kg) (kg) (kg) (kg) (kg) 
15,67 4,45 15,00 8,51 19,33 4,76 12,52 8,04 
26,18 4,06 13,78 7,89 33,82 4,58 13,95 8,31 
20,00 4,04 14,79 8,07 19,40 4,45 14,90 8,48 
61,85 256,82 891,61 501,31 72,55 333,24 1002,86 600,96 
/ 
Table 22. . Birth masses of calves (kg) born to cows with different 
initial condition scores at the onset of winter 
Cow initial condition score 
1,5 2,0 2,5 
First eXQeriment 
Mature cows 36,3 ± 1,2 36,3 ± 1,2 32 ,8 ± 1,2 
Second eXQeriment 
Mat ure cows 30,0 ± 4,4 36,3 ± 5,8 33,4 ± 4,1 
Fir st-calvers 30,0 ± 3,5 32,0 ± 3,4 33,8 ± 4,5 
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The highest conception rates were achieved when the condition of 
the cow at mating was in the region of 3,0 - 3,5, which is consistent 
with results from similar research (Mulvaney, 1978; Meaker, 1984; Selk, 
We~temann, Lusby & Rasby, 1986). Whilst cal ving rates of BD% rmy appear 
to be slightly low, it should be noted that, in this study, the 
breeding season was restricted to 90 days and the bulls used were 
either "home-grown" or purchased on local sales and probably not of 
superior quality or ability. The conception rate declined ccn:::anitantly 
with the condition of the cow, to such an extent, that only 8% of the 
cows with a condition score of 1,5, conceived. Reproductive responses 
at the upper and lower ends of the conditicn scoring scale ~ear to be 
fairly variable. Mulvaney (1978) recorded conception rates in the 
region of 40% when cows were mated at a condition score of 1,5. 
Generall y, conception rates do not exceed 10% when cows are mated at a 
condition score of 1,5 (Meaker, 1984; Selk et al., 1986). Very little 
information is available in the literature regarding the conception 
ability of fat cows (condition score 4,0 and 5,0). The results from 
this study however, suggest that conception is reduced at this level. 
It is l i kely that the excessive fat surrounding the uterus and ovaries 
in these animals reduces their reproductive ability. A target al1diticn 
score of 3,0 at mating would therefore appear to be the optimum for 
successful conception. 
Whilst condition of the cow at mating has been stressed in this 
particular study. the question is often posed whether cows should be on 
a rising plane of nutrition and gaining mass during the breeding 
season. Grosskopf (1976), in a study of 1204 Bonsmara cows found that 
ADG before calving, ADG during the breeding season, ADG from 
parturition to the end of the breeding season and ADG during lactation 
all affected reconception rate significantly (P<D,01). However, the 
most striking difference between the lactating cows that reconceived 
62 
and those that failed was that those that conceived maintained a 
livemass of at least 450 kg during the breeding season. Those that did 
not concei ve failed to reach an average mass of 450 kg at any stage 
d4ring the breeding season. The observation applied to both winter and 
summer breeding seasons and despite the fact that toth grOl..ps lost fTBSS 
rapidly during the winter season. Unfortunately, no reference is made 
to the condition of the cows during the breeding season, but the data 
suggests that mass at breeding was the most important factor affecting 
conception in the 80nsmara study. These results are therefore in 
agreement with those of Richardson et ale ( 1976), Lamond ( 1970) and 
Topps (1 977 ) • 
The observation in the sourveld study that the condition of the cow 
at mating was highly dependent upon the condition of the cow at 
parturition if breeding commenced within 60 days of parturition, is of 
particular importance. Experience has shown that cows often lose up to 
half a condition score at parturition (Van Niekerk, 1982). It is very 
difficult to improve a cow's condition between parturition and mating, 
because of the effects of p:lst-partum lactational stress (Rutter & 
Randel, 1984). A high level of p:lst-partum nutrition is necessary 
merely to maintain a cow in a reasonable condition. A cow should 
therefore be at a condition score of 3,0 - 3,5 at calving if a 
condition score of 3,0 is to be attained at mating. 
Cows with a condition score of 3,5 at mating, had mean conception 
dates 18 to 20 days earlier than cows with a condition score of 2,0 at 
mating. These results are consistent with other research (Hancock, 
Kropp, Lusby, Wettemann, 8uchanan & Worthington, 1985; Rakestraw, 
Lusby, Wettemann & Wagner, 1986; Richards, Spitzer & Warner, 1986). In 
a study by Kilkenny (1978) the cal v ing interval was reduced from 383 
days, for cows with a condition score of 2,0 at mating, to 363 days, 
for cows with a condition score of 3,5 at mating. Cows, which calve 
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early in the season will have a longer interval from calving to 
breeding and will therefore have rrore time to recover fran the stresses 
of parturition. However, the inter-calving interval (ICI) will 
increase. This factor has significant economic implications from the 
point of view of the weaner as well. Studies have generally shown 
(Zimmerman, Pope, Stephens & Walker, 1957; Lesmeister ~t al., 1973) 
that cows that calve late in the seasO! tend to be late calvers for the 
rest of their productive lives. Furthermore, in areas (such as the 
Highland Sourveld) where weaning takes place at a fixed time, it is 
obvious that calves born early in the season will be older and 
therefore heavier at weaning than calves born later in the season. 
Unfortunately, the tendency amongst farmers is to calve too early in 
the season in an effort to increase the weaning mass of their calf 
crop, but the supplementary feeding period for the cows is thereby 
extended, reducing the economic viability of such an exercise. 
This study has concentrated on the practical implications of 
condition scoring as a tool for managing the breeding herd in the 
Highland Sourveld. Unfortunately, even the basic relationships between 
body condition of cows and hormone sYlTlJtoms and/or hormone secretion 
are unclear (Rasby, Wagner, Wettemann, Geisert & Lusby, 1986). Indeed 
the whole issue of the nutritional effects on the en::locrine patterns of 
the post-partum female are often poorly understood (Rutter & Randel, 
1984). Pituitary activity appears to be the limiting factor affecting 
follicular activity post-partum (Rasby et al., 1986). However, much of 
the evidence is contradictory. For instance, energy balance during the 
first 20 days of lactation is important in determining the initiation 
of ovarian activity (8utler, Everett & Coppock, 1981). However, 
measurements of blood glucose levels have been reported to be either 
positively (PatH & Oeshpande, 1979) or inversely (Kellogg & Miller, 
1977) correlated with post-partum interval. Several researchers have 
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shown a positive effect of increased levels of nutrition on 
reproductive potential, including enhanced pituitary function (8eal, 
Short, Staigmiller, 8ellows, Kaltenbach & Dunn, 1978; Li~n, Allison, 
F~gwell, 8utcher & Inskeep, 1979; fYbss, Parfet, Diekman, Lemenager & 
Hendrix, 1982) as well as increased ovarian activity (Wiltbank et al., 
1962; Wiltbank et al., 1964). Other researchers however, have found no 
consistent relationships between calculated dietary nutrient intake and 
ovarian activity (Lishman et a1., 1979; Carstairs, Morrow & Emery, 
1980) or pituitary activity (Hill et a1., 1970; CUln, Rone, Kalterbach, 
van der Walt, Riley & Akbar, 1974; Haresign, 1981). 
The importance of an adequate supply of energy immediately 
postpartum is well established (Wil tbank et a1. , 1962, 1964; Dunn, 
Ingalls, Zimmerman & Wiltbank, 1969; Holness, Hopley & Hale, 1978). 
However the energy requirements are difficult to meet in early 
spring-calving cows. Frequently, cows cannot eat enough to supply the 
energy needed for lactation (Garmendia, Wettemann, Lusby, 8aker & 
Geisert, 1986). I t is at such times that body reserves are rrobilized to 
supply the deficit. 
Pre-partum nutrition is of vital importance to the whole cow/calf 
enterprise in the Highland Sourveld. The necessary level of winter 
nutrition will depend upon the condition of the row at the begiming of 
the winter supplementary feeding period. It is therefore imperative 
that a target condition score for the beginning of the winter period 
should be established. 
This study has shown that cows with an initial condition score of 
1,5 at the start of the winter feeding period achieved a score of 3,0 
after 85 days (Table 16). Cows with an initial score of 2,0 reQ •. Jired 49 
days to achieve the same condition score (Table 17). The heifers with 
an initial condition score of 2,0 therefore achieved the target 
condi tion score by parturition in 57,6% of the time taken by the cows 
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with an initial score of 1,5, but more importantly, at exactly half the 
cost (R54 vs. R108). This finding has important ITBnagerial ard ecommic 
implications. Taken a step further, the cows with an initial score of 
2,5 required only 26 days to achieve the target condition score of 3,0 
at a cost of R27, 74 per head. This probabl y represents the ideal, 
al though largely unattainable, situation in the Hiljlland Sourveld. In a 
spring-calving situation, weaning usually occurs during April and May. 
These results emphasise the need to wean the calf before the condition 
of the cow drops too low (2,0 - 2,5). The condition of the cow at 
weaning and at the beginning of the winter feeding period will 
therefore be similar for the spring-calving cow. The ideal condition 
score at weaning/beginning of winter would be 2,3 - 2,5. 
The point has been stressed that by extending the summer grazing 
season in the Highland Sourveld, the winter supplementary feeding 
period will be reduced. Consequently, the economic viability of the 
enterprise should improve. However, when winter feed is in short 
supply, or of very poor quality, the tendency amongst many farmers is 
to extend the grazing season too far. In severe cases, cows may be 
undernourished to the extent that reproductive performarce is affected. 
Several researchers have shown that ovarian activity may be affected 
when cows suffer severe mass losses (Hale, 1975; Richards, Wettemann & 
Schoenemann, 1986; Louw, Lishman & Thomas, 1988). In a study using 80S 
taurus cows, Louw et ale (1988) found that cows were between 35 and 57 
kg heavier at the resunption than at the cessatim of ovarian activity. 
These results support the principle, demonstrated in the current stLdy, 
that excessive mass and condition losses may severely hamper the 
performance of a breeding cow. 
Mature cows required significantly (p< 0,05) less time to improve 
their condition scores from 2,0 to 3,0 than the first-calvers. During 
this time the mature cows gained significantly (p< 0,05) more mass 
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(55,32 kg vs. 38,18 kg). These results are not surprising since the 
growing first-calvers would have a relatively higher maintenance 
requirement, in relation to production, than the mature cows (NRC, 
1984). These results do, however, have significant practical 
implications from a nutritional/management point of view. The 
first-calvers required significantly (p< 0,01) more dry matter to 
improve their condition from 1,5 to 3,0 (Table 21). If a cost of 10c 
per kg of dry matter is used as a basis for evaluation, then it is 
clear that the cost of improving a cow's condition score from 1,5 to 
3,0 was in the re gion of R50, and R60 for the first-cal vers. In a grm.p 
feeding situation where trough space may be limited, the smaller, less 
dominant, first-calver may not receive sufficient nutrition for 
adequate growth and reproductive performance. 
The time-spans required by the cows in the first and second 
experiments to improve their condition scores fran 2,0 to 3,0 were very 
consistent (Tables 24 and 27). It is interesting to note that in 
neither experiment did condition score at the beginning of the winter 
feeding period have a significant effect en calf birth mass. The cows 
in the first experiment generally produced slightly heavier calves than 
the cows in the second experiment. In the second experiment, the 
difference in birth mass between calves born to mature cows and those 
of first-calvers was also statistically non-significant. 
Conclusions 
The results obtained from these series of studies rave hig,lig,ted 
the importance of body condition in the breeding cow at various stages 
of her production cycle if she is to be an asset to the breeding herd. 
Based on these results, target condition score at weaning, parturition 
and mating of 2,5, 3,0 - 3,5 and 3,0 respectively, are s~gested. These 
condi tion scores are not independent of one another. In the Highland 
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Sourveld it is therefore important that the calf should be weaned from 
the cow and the cow removed from the veld before her condition declines 
to a stage where it is both difficult and uneconomical to improve her 
condition score prior to calving. The value of cows conceiving early in 
the breeding season is often stressed. In this context, the cows in 
better condition at mating conceived earlier in the season than cows in 
poorer condition and therefore had bigger calves at weaning. 
Despite the fact that condition scoring is a subjoctive rreasure of 
body condition, results from this study have shown it to be an 
inexpensive, reliable management tool. As an indicator for such 
strategies as weaning, the removal of breeding cows from the veld and 
the rationing of winter feed supplies with a consequent improvement in 
reproducti ve performance, condition scoring is potentially an irrportant 
tool. The application of these principles on different classes of beef 
cows and their progeny, at different stocking rates, are discussed in 
detail in Chapter 3. 
68 
CHAPTER 3 
THE EFFECT OF STOCKING RATE AND LICK SUPPLEMENTATION 
ON THE PERFORMANCE OF LACTATING COWS 
IN THE HIGHLAND SOURVELD 
INTRODUCTION 
In 1957 80nsma and Joubert suggested that beef production CXluld be 
more efficient were beef enterprises to be regionalized. They argued 
that certain bioclimatic areas are better sui ted to breeding animals 
whilst other areas, closer to supplementary feed sources and markets, 
could probably be better utilized for the growing-out and the 
"finishing" of beef animals. Although the implications of such an 
approach are complex and far-reaching, at least one study has provided 
a biological justification for such systems. In a study by van Niekerk 
(1984) it was evident that cows (Simmentaler and Afrikaner) in the 
Highland Sourveld had significantly higher calving rates than cows, of 
similar genetic background, in the Valley Thornveld areas of Natal. 
HOliJever, Afrikaner and Sirnmentaler heifers consumed 36% and 25% more 
dry matter per kg livemass gain respectively, in the Sourveld than in 
the Thornveld. These data suggest that the breeding herd performed 
better in the Sour veld and the growing animal better in the Thornveld. 
Clearly, animals well adapted to a particular environment are more 
likely to be economically viable within that environment than poorly 
adapted animals. 
Traditionally the Highland Sourveld has been a1 inpJrtant area for 
the cow/calf enterprise. The Highland Sourveld carries 28,4% of Natal's 
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cows, 33% of Natal's calves and 31 % of the beef animals between me cn::I 
two years of age (Agriquest, 1980). This situation is unlikely to 
change drastically in the foreseeable future, although the use of 
intensi ve pastures is expected to increase (Harwin & Theron, 1975; 
Louw, 1984). A possible future scenario is one where the calf will be 
bred and raised until weaning on veld, grown-out under intensive 
pasture conditions and then either "finished" m grass, or nure likely, 
in a feedlot. 
One of the major factors affecting cow and calf performance, in 
terms of both animal prod.lction and economics, in the Hig,larD Saurveld 
is the length of the grazing season. In Chapter 2 attention was drawn 
to the fact that the degree of winter feeding is largely dependent on 
the length of the grazing season. In order for cow/calf enterprises to 
remain viable in the Highland Sourveld, the grazing season must be 
extended to 270 days and ultimately be as long as r:Dssible (:nJ+ days). 
Communication with study and liaison farmer groups suggests that the 
current average grazing season on most fanns is in the region of 180 to 
210 days. The single most important factor affecting the length of the 
grazing season is stocking rate. There is no "best" stocking rate sirce 
stocking rate affects individ.lal animal performances by amounts which 
may vary from year to year and from one season of the year to another 
( Morley, 1981) • However, increasing stocking rate decreases pasture 
growth, decreases herbage availability, affects botanical composition, 
increases exposure of the soil, increases stress on the animal and 
decreases the prod.lction per animal (Mar ley, 1981). It is therefore 
evident that the qJtimum stocking rate will fall within a range of 
acceptable stocking rates and will vary from season to season. The 
determination of an optimum stocking rate is further mrplicated by the 
fact that in any enterprise, the qJtimum stocking rate is dependent 
upon several criteria, some of which may conflict. These may include 
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maximum production per hectare; maximum stability of the pasture; 
minimum stress m the li vestock; soil conservation; appearance of the 
animals (Morley, 1981). Inevitably the choice of an optimum stocking 
rate is a compromise between some of these factors, but the stability 
and condition of the veld should never be compromised. 
In the Highland sourveld, significant problems may arise when a 
farmer attempts to maximize production per hectare in a cow/calf 
enterprise. Increasing stocking rate will normally increase production 
per hectare (up to a point) whilst at the S8ITE tine red.Jcing prod.Jctim 
per head. Unfortunately, increasing stocking rate in the sourveld also 
increases the supplementary feeding period. The result is that the 
economic advantage of selling more weaners per hectare is far 
outweighed by the cost of feeding the dams of those weaners during an 
extended winter period. An optimum economic stocking rate in the 
Highland Sour veld areas of Natal will therefore exact a high 
performance level from both the cow and the calf, whilst at the same 
time require that the summer grazing period be extended. 
According to Venter & Drewes (1969) , less than 5% of farmers 
implemented any system of veld management in Natal in the late 1960's. 
Whilst no accurate figures are currently available, it is probable 
that, almost 20 years later, the situation is not significantly 
different. Venter and Drewes (1969) suggested that the reason why veld 
management systems have not been more readily accepted by the farner is 
the degree of inflexibility that surrounds the advocated systems. 
Another possible reason for the poor acceptance of current veld 
management systems is that, to date, eight camp systems have generally 
been advocated. Whilst the benefits of eight camp rotational systems 
have been described in theory (800ysen, Klug & York, 1974), in practice 
farmers generally do not apply such systems (Tainton, 1985). 
The current economic climate dictates that herds should be 
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combined wherever possible whilst still maintaining production 
objectives. The mature cow and first-calf heifer groups are possible 
candidates for such a combination approach. The first-calver has 
generally been recognised as a "problem" animal on the farm, largely as 
a result of poor reproductive performances in this class of beef cow 
(Harwin, Lamb & Bisschop, 1967). Lindly, Easley, Whatley & Chambers 
(1958) found a curvilinear effect of age of cow on reproduction. 
Performance improved l.4J to 10 years of age and declined thereafter. 
These results have been supported by similar results from several 
researchers (Lasley & Bogart, 1943; Stonaker, 1958; Warnick, Meade & 
Koger, 1960). The effect of age and size of the dan on ueaning ness has 
also received considerable attention. Most of the studies suggest that 
maximun weaning mass is obtained when the age of the dam exceeds six 
years. However, other workers (Jamison, Christian, Temple & Butts, 
1965; ClJ1diff, Willham & Pratt, 1966; Smith & Fitzhugh, 1968) have 
emphasized that age is rmre important in the first four years. The 
management of the first-calver and mature cow in a single herd on veld 
rust therefore ensure high levels of reproduction and weaning masses, 
both factors of economic importance. 
There is a wide seasonal fluctuation in both the quantity and 
quality of herbage available to the animal under natural grazing 
conditions. Shortages of protein, in particular, and energy to a lesser 
extent, are the main restrictions on the perfornence of grazing an~s 
(Crampton, 1957; Skinner, 1964; Van Schalkwyk & Lesch, 1970). Under 
severe conditions, supplementary feeding is often carried out in an 
effort to promote lactation, increase reproduction and ensure 
satisfactory growth in young animals (Allden, 1981). Supplementary 
feeding of animals on veld during the winter periods may take the form 
of either additional roughage, such as hay, together with chicken 
litter, or alternatively, a protein/energy lick. Whilst the responses 
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are biological, the rreasure of success is financial and depends upon 
the economic framework in which the farmer operates (Allden, 1981). 
Unfortunately, the results of controlled experiments designed to 
determine the effects of supplementary feeding have often been 
variable. It is generally accepted that urea can be converted into 
protein by the ruminant. The efficiency of this conversion depends on 
the amount and type of crude protein in the diet as well as the 
quantity of carbohydrate (Satter & Slyter, 1974; Rush & Totusei<, 1976). 
Urea and molasses are relatively cheap sources of protein and ~nergy 
respectively, and have been widely used in lick supplements with 
vary ing degrees of success (Skinner, 1964; van Schalkwyk & Lesch, 1970; 
Rush & Totusek, 1976; Kartchner, 1981). 
The interaction between stocking rate and urea-based licks on the 
performance of beef cows and their progeny in the Highland Sourveld 
areas of Natal has not previously been well studied. Their use in 
extending the summer grazing season as well as in improving both cow 
and calf performance is therefore not clear at present. Research 
carried out at the Kokstad Research Station (drier phase of Highland 
Sourveld) indicated that molasses supplementation on summer veld did 
not improve either steer or sheep mass gains. However, protein 
supplementation at a level of 41 g of digestible crude protein per day 
did improve summer gains (Bredon & Lyle, 1971). Lishman & Smith (1968) 
found in the Thornveld that urea blocks in the early sumner period 
signi ficantly (p <0,01) improved mass gains of all lactating cows, but 
late calvers in particular. In Natal, research in this area has 
therefore concentrated on improving animal performance with the result 
that) as a rreans of lengthening the summer grazing period the use of 'I 
) 
licks has largely been ignored. The general recommendation in the 
Highland Sourveld is that protein supplementation should take place 
from mid-February onwards, when it is assumed that the quality of the 
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grazing begins to decline (Bransby, 1981). The provision of a urea lick 
from the beginning of the grazing season as opposed to the period from 
mid-February onwards is also not clear at present. 
The main factors restricting the viability of the cow/calf 
enterprise in the Highland Sourveld areas have been outlined. This 
experiment therefore has as its main objectives: 1. The determination 
of an optimum stocking rate or range of stocking rates that will 
support high cow and calf performances, whilst at the same time 
maintain vigorous and productive veld; 2. The integration of the 
first-calf heifer into the mature cow herd so as to sustain high 
production levels from both classes of animals; 3. To determine the 
role of a urea/energy lick at different stocking rates. 
PROCEDURE 
The performance of spring-calving beef cows, first-calf heifers, 
dry cows and replacement heifers on Highland Sourveld lIBS exanined over 
nine consecutive seasons. The experiment commenced in 1978. 
Experimental location 
The investigation was conducted at the Thabamhlope Research 
Station. The location of the station was described in Chapter 1. The 
actual sites allocated to the experiment consisted of gently rolling 
hills with a general absence of trees. These CIlimals therefore had very 
little protection from the prevailing climatic conditions. 
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Experimental animals 
The cows used in the experiment were originally of a Sussex X 
Sinmentaler type, although the type used during the last five seasons 
has been at least three quarters to seven eights Simmentaler. Only 
Sinmentaler bulls have been used at the station for the past 15 years. 
The mating season extended from the 15th of November to the 15th of 
January each year. The trial was designed to acconmodate 30 cows and 
calves in each treatment. Unfortunately, a shortage of lactating cows 
necessi tated the use of some dry cows and heifers. During the period 
from 1978/79 to 1983/84 the age of the lactating cows varied between 
four and ten years. First-calf heifers were introduced into the 
experiment at the beginning of the 1984/85 season. 
Experimental treatments 
Following parturition and prior to the initiation of the SLmner 
grazing season, cows were grouped according to their age, calving date 
and condition score. As far as was possible, treatments were also 
blocked for the sex of the calf. The cows wi thin each group were 
randomly allocated to one of six treatments. Four stocking rates were 
applied, viz. 0,83, 1,0 1,25 and 1,67 cows plus calves per hectare or 
1,20, 1,0, 0,80 and 0,59 ha/cow plus calf. Stocking · rates have also 
been expressed in terms of fodder units per hectare (FU/ha). The 
calculation of the FU's was based on the mass ' of the cows at the start 
of the grazing season, since, particularly during the second phase of 
the experiment, the masses of the cows at the erd of the grazing season 
were generally lower than the livemasses at the start of the grazing. 
Animals in each of these treatments had free access to a mineral 
lick consisting of 50% salt and 50% dicalcium phosphate from the start 
of the grazing season until the 15th of February each season, 
whereafter the animals ~ceived a winter lick until they were removed 
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from the veld. The 1,0 and 1,67 cow + calf/ha treatments were 
duplicated, one group at each stocking rate being supplied with a IUTEn 
stimulatory lick for the full duration of the grazing season. The 
winter lick consisted of 32% salt, 23% dicalcium phosphate, 30% maize 
meal and 15% urea. The experimental treatments indicating the lick 
allocation and the number of cows of each class, for the first four 
years on veld, are shown in Table 23. The experimental treatments for 
the subsequent five seasons are shown in Table 24. 
Veld management 
Prior to the 1980/81 season a six camp grazing system was 
employed. It was intended that all the camps would be rested every 
fifth year. The period of stay in a carp I!BS Ole \iE8k and the period of 
absence five weeks. However, during the 1980 winter the treatments IlEre 
subdivided to incorporate eight camps in each treatrrent, with tuD carrps 
being rested each year. As a result of the sUxlivisions the size of the 
camps within each treatment varied. There were four small camps and 
four large camps in each treatment. The size of the small and large 
camps at the light stocking rate varied between 3 ha and 7 ha 
respectively, whilst at the high stocking rate the size of the camps 
varied between 1,5 and 3 ha. The period of occupation in the small 
camps, for all treatments was 3,5 days with a period of absence of 21-
35 days. The period of stay in the large camps was 7 days with the 
period of absence varying between 21 and 28 days. The period of absence 
varied because of the different camp sizes and the grazing management 
programme. 
The allocation of camps was made on a logistical basis. It was 
essential that the camps, in which the urea-based lick was to be 
compared with the mineral lick, should adjoin one another. In the case 
of Tr. 2 and Tr. 3 a total of 60 hectares were required. A block of 36 
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hectares was required for Tr.5 and Tr.6. A plan of the camps is shown 
in Appendix 12. It can be seen from the plan that Tr.1 was not part of 
the block in which the other treatments were located. Tr.1 is in effect 
approximately three kilometers from the other treatments. llhilst it was 
appreciated that this was not ideal, the importance of including the 
low stocking rate treatment was greater than the location 
disadvantages. 
Eight camps were allocated to each treatment. Two camps within 
each eight camp system were rested in rotation for the duration of the 
season each year, whilst the remaining six were rotationally grazed. 
The two rest camps were grazed for between seven to ten days during 
mid-January. The rested camps were burnt before the following grazing 
season and always grazed first in the grazing cycle. Grazing was 
initiated each season when, according to a Pasture Specialist, the 
minimum height of the palatable species in the oomt carTlJs was above 10 
cm. Grazing commenced between the 30th of October and the 15th of 
November each year. Towards the end of the first phase of the 
experiment (1981/82) and during the second phase, grazing was 
terminated on the basis of the mean body condition of the cows in each 
treatment. When the mean condition score of the cows in a particular 
group fell to below 2,0 that treatment was terminated. Each treatment 
was terminated individually. 
Animal management 
Winter feeding 
It was important that the cows in the various treatments !Lent O1to 
the veld in similar body conditions. Considerable attention was 
therefore focussed on this aspect during the winter. 





according to their condition scores and fed in pens to achieve a 
condition score of 3,0 to 3,5 at parturition. The cows were fed diets 
consisting of E. curvula hay and maize silage. The winter lick 
described previously, was available at all times. Cpws in very poor 
condition were fed 0,5 kg of HPC (33% CP) per head, in addition to the 
basic ration. After parturition cows were maintained on a ration of ~ 
curvula hay and maize silage until the commencement of the grazing 
season. 
COllI management 
A comprehensive dosing, dipping and inoculation programme was 
followed. Cows were dipped fortnightly during the summer months and at 
monthly intervals during the winter period. Heifers were inoculated 
against Brucellosis at approximately 1B to 20 months of age. Heifers 
and cows were inoculated against Leptospirosis in March each year, and 
against Vibriosis and Chlamydia eight weeks before the start of each 
breeding season. All pregnant cows were inoculated with an E. coli 
vaccine in late pregnancy (July). 
The breeding season for the mature cows commenced on the 15th of 
NoveniJer and was terminated on the 15th of January each year. The 
replacement heifers were mated · 4 weeks before the main herd for a 
period of 60 days. Bulls were rotated every two weeks between the 
treatments. 
Cal f management 
All calves were inoculated with Paratyphoid vaccine within one 
week of birth. All animals were inoculated annually against Anthrax and 
annually (until three years of age) against Quarter Evil 
(Blackquarter). At weaning, the calves were inoculated against LLITlPY 
skin. Calves were inoculated against Gall Sickness (Anaplasmosis) and 
78 
Redwater in December each year. 
A strict dosing programme for tapeworms and rOLndworms was adlered 
to. The calves were dipped together with their dams. 
~easurements obtained 
Climatic data 
Climatic data were collected on a daily basis by the Natal 
Agrometeorological Section. 
80dymass and body condition 
Dams and their calves were weighed within 24 hours of birth. The 
calves were then identified with ear notches and a numbered ear-tag. 
Cows and calves were weighed fortnightly for the full duration of each 
season. Cows were also condition scored fortnightly. 
Herbage quality and quantity 
Herbage samples were collected on a weekly basis for the full 
duration of the trial and analysed for crude protein (CP) and crude 
fibre (CF). Samples were selected at random by throwing a ring 
(diameter 40cm) into the grass and cutting the grass within the ring. 
Eight samples were cut to form one composite sarrple for EBch treatnEnt. 
Herbage production was assessed in the rest camps of each treatment at 
the end of the first phase of the experiment ( 1981/82). During the 
1985/86 and 1986/87 seasons, one camp in each of the treatments was 
selected at random and used to estimate herbage production and 
utilization for that particular treatment. In each of these two 
seasons, four 10 X 1, 2m plots were cut from each selected camp just 
prior to the animals entering it and again, directly after the animals 
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had been removed from the camp. 
Veld condition assessments 
Veld condition assessments were carried out in two camps in each 
treatment in February/March 1978, 1980, 1982 and 1984 using the method 
proposed by Foran, Tainton & 800ysen (1978). The assessments were 
carried out by several Pasture Specialists during the 1978 and 1980 
seasons, but by a single observer thereafter. 
RESULTS 
Results from two specific phases of the experiment are presented. 
The first phase involved six treatments with four stocking rates (Table 
23) and was carried out over four seasons. Phase two was carried out 
over the following five seasons and involved four treatrrEnts with three 
stocking rates (Table 24). 
Climatic data 
A summary of the climatic conditions prevailing during the 
experimental period is shown in Table 25. 8etween 66% and 82% of the 
total annual rainfall recorded at the Station fell between Noverber cnj 
March. This period corresponds with the most productive phase of the 
veld. The total rainfall figures provide an indication of the 
variability between the seasons. 
Wind data have been included since previous research at the 
Thabamhlope Research Station has shown the effect of wind-chill on 
animal performance to be a significant factor in the Highland Sourveld. 
The figures indicated in Table 25 represent the fTEan wind recorded 
during a 24-hour period. Calculations based on these data indicate that 
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Table 2~. Experimental treatments employed during the first phase of the 
of the experiment. 
Tr. 1 Tr. 2 Tr. 3 Tr. 4 Tr. 5 Tr. 6 
Cows + calves/ha 0,83 1,00 1,00 1,25 1,67 1,67 
Hectares/cow + calf 1,20 1,00 1,00 0,80 0,59 0,59 
Hectares/FU* 1,02 0,81 0,81 0,64 0,48 0,48 
Lick M M U M M U 
1978/79 
Lactating cows 20 20 20 20 20 20 
Calves 20 20 20 20 20 20 
Repl. heifers 10 10 10 10 10 10 
1979/80 
Lactating cows 13 13 13 13 13 13 
Calves 13 13 13 13 13 13 
Dry cows 13 13 13 13 13 13 
Repl. hei fers 4 4 4 4 4 4 
1980/81 
Lactating cows 19 19 19 19 19 19 
Calves 19 19 19 19 19 19 
Rep!. hei fers 11 11 11 11 11 11 
1981/82 
Lactating cows 15 15 15 15 15 15 
Calves 15 15 15 15 15 15 
Dry cows 15 15 15 15 15 15 
M = mIneral lICk = urea-based lick 
* FU = Fodd~r unit (Lesch? Louw, Jones & Whitehead, 1980) 
= anImal that requIres 10 kg OM/day with not more than 65% TON 
464 kg day cow = 1 FU . 
464 ka lrtrtrttinn rm., - 1 ') 1:"11 
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Table 24. Experimental treatments employed during the second phase of the 
experiment. 
Tr. 1 Tr. 2 Tr. 3 Tr. 4 
Cows + calves/ha 0,83 1,00 1,00 1,25 
Hectares/cow + calf 1,20 1,00 1,00 0,80 
Hectares/FU* 0,85 0,71 0,71 0,42 
Supplement M M U M 
1982/83 
Lact. cm'ls 20 20 20 20 
Calves 20 20 20 20 
Dry cows 10 10 10 10 
1983/84 
Lact. cows 20 20 20 20 
Calves 20 20 20 20 
Dry cows 10 
I 
10 10 10 
I 1984/85 
Lact. cows 18 19 19 20 
Calves 18 19 19 20 
First calvers 12 11 11 10 
Calves 12 11 11 10 
1985/86 
Lact. cows 14 14 14 14 
Calves 14 14 14 14 ! 
First calvers 7 7 7 7 
Calves 7 7 7 7 
Second calvers 9 9 9 9 
Calves 9 9 9 9 
1986/87 
Lact. cows 7 7 7 7 
Calves 7 7 7 7 
First calvers 18 \ 18 18 18 
Calves 18 18 18 18 
Second calvers 5 5 5 5 
Calves 5 5 5 
M = mIneral lICk U = urea-based lick 
* FU = Fodder unit. 
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the mean daily wind-speed during daylight hours varied between 11,5 and 
13,8 km per hour. Whilst the highest wind-speeds are generally recorded 
between August and January, particularly strong winds are sometimes 
experienced during the winter months, thereby significantly increasing 
the animals' energy requirements. 
Mean maximum temperatures varied by less than 1, 5°C and mean 
minimum temperatures by less than 1°C between seasons (Table 25). The 
monthly mean minimum temperatures and mean maximum temperatures over 
the experimental period showed considerable variation (Figures 8 and 
9). The monthly mean minimum temperatures are of particular interest 
(Figure 8). Sub-zero mean minimum temperatures were recorded during 
June and July every year of the experiment. Mean minimum temperatures 
during May and August were just above zero with several seasons 
recording sub-zero temperatures. The mean maximum temperatures during 
June and July were in the region of 16,9°C. 
Phase I (1978/79 - 1981/82) 
Metabolic mass per hectare 
Cow and calf li vemasses at the start cn:l enj of the SlITTTEr grazing 
season were converted to metabolic mass (uP, 73) in order to gain a more 
accurate reflection of the effective stocking rate. The total metabolic 
mass per hectare for each of the four stocking rate treatments is srol1fl 
in Figures 10a (1978/79 season), 1 Db (1979/80 season), 1 Dc (1980/81 
season) and 10d (1981/82 season). 
Within a specific treatment, the total metabolic mass per hectare 
at the start of the grazing period varied by less than 6 kg between 
seasons. The stocking rates applied were therefore consistent each 
year. 8y the end of the fourth season however, the total metabolic rmss 
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Table 26. Monthly rainfall figures (mm) recorded at Thabamhlope together with the mean (10 years) monthly 
rainfall. The total rainfall for each year and the long-term (23 years) mean annual rainfall are 
also presented. 
Jan Feb March April May June July Aug Sept Oct Nov Dec 
1978 239,4 96,1 146,5 74,3 11 ,4 0,0 0,0 21,7 67,7 129,7 79,7 332,0 
1979 80,2 118,7 97,2 44,5 99,8 0,8 24,2 85,1 27,5 40,8 51,8 137,0 
1980 137,9 141 ,3 128,8 36,5 7,9 0,0 0,0 19,8 97,3 32,7 131, 7 228,7 
1981 234,1 344,2 55,4 30,7 7,7 22,4 0,0 87,0 24,6 35,7 112,4 120,8 
1982 141 ,8 55,1 150,1 52,4 0,0 3,6 3, 1 2,0 58,3 134,5 78,6 84,8 
1983 100,6 101 ,2 102,7 31,9 37,8 1 ,4 33,2 25,4 8,2 95,2 212,6 115, ° 
1984 94,3 105, 1 152,9 67,0 3,8 15,8 5,0 62,8 31 ,2 117,3 45,4 90,2 
1985 164,6 184,6 110,4 10,0 / 4,4 14,6 0,0 0,O 1Z,9 110, 1 180,7 145,5 
1986 158,2 142,0 84,4 64,8 0,4 26,0 0,0 52,0 10,5 133,2 94,4 173,0 
1987 150,5 115,2 179,6 10,5 0,0 18,0 4,0 
Mean 150,2 140,4 120,8 42,3 19,2 10,3 6,9 39,5 38,1 92,0 1 e, 1 158,6 
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per hectare in Tr.5 (1,67 cows + calves /ha - Figure 10d) was 14,82 kg 
lower than the total metabolic mass recorded during the 1978/79 season 
in the corresponding treatment (Figure 10a). There was, in fact, a 
pr?gressive decline in the total metabolic mass per hectare over the 
four seasons in both Tr. 4 and Tr. 5. In contrast, the total metabolic 
mass produced per hectare in Tr. 1 and Tr. 2 remained relatively constant 
over the four seasons. 
The percentage metabolic mass that could be allocated to the 
lactating cows and their calves, varied in each treatment because of 
the varying numbers of these classes of animals available. However, at 
the onset of grazing each season, the proportion of metabolic mass that 
could be allocated to the lactating cows and the calves varied by less 
than two percent between the four treatments. The correlation between 
the increase in calf metabolic mass and stocking rate was curvilinear 
(Figure 11). The length of the grazing season sometimes varied between 
treatments, particularly at the low and very high stocking rates. There 
was considerable variation in metabolic mass change between the 
seasons, the same trend held true for all four seasons (Figure 11). 
As expected, the calves stocked at the high stocking rate did not 
perform as well as those stocked at the lower stocking rates. On 
average (4 seasons), the calves at the low stocking rate (0,83 cows + 
calves per hectare) increased their metabolic mass by 127,14 ± 14,8%, 
whilst the calves in Tr.5 (1,67 cows + calves per hectare) increased 
their metabolic mass by only 85,56 ± 20,47%. The changes in the 
metabolic mass of the lactating cows are shown in Figure 12. The 
response to stocking rate was similar to that shown by the calves. The 
lactating cows in Treatments 1 and 2 increased their metabolic mass by 
less than 14% during the grazing season, Ilhllst the cows in Treatment 5 
lost mass in all four seasons. 
87 
,-.--., 
[C '1 ~O ~ 
LLJ 
t.·. < •••. \ ~ 
r-~ 
~, ........ '.' j ~ ....... ' ..... ···.>··,,··i 






en) t> . ; [.1 ..• ",::1 !,: . ••.• ):.; •. :'.::.:.·.i !. 
t .. ··:·····~· :: . .."::' .... <.{ ~ . 
~ L t:<,:·····.· .. ' ;':;./::: .. ~ j :.:: >:: >::''>:'':'':1 
t~~(~1 k'>:\\J i ..•. ·,.·,'.:...  ..• " •..•.• :.·!:.,· .. :.',: .• ,:.·.·: .•.••... :1
1
. I., •. ,::·', •.·.~.,· .·.:" •.· •. i:.,., •.• ,.·.::,'.· .i:·, •.. ·•.•.•. -.•. :.i:".,· .•,:.i:t,·.: . • :· .. ,·•.•.. ,• :1)1,., 
i
l
• •. •• .. ··  , ·::.· .  ·.· • ··:.· .... , : ..:  ..•..•.....••.•.••.. : . •. '. ..• : ••.. : :: ... •... ...... ,'   •::. .• ,., ..•• ,., •. :: . .' ..••..... ,:  •.. ::. .••. .  ....: : .  : . ,.• .• '..  •.... '.• ·,.·.· ..· •. ·::•.• ;l;j  !;.>,:, »1 :~.,., .... :: •.•..•. ',.: . ' •..':: ....  .... :,.... : .:'..::.:'., •..•  :.' .• '.,::· ...... ':1·' ; . 
t I .•.. : .. '.;.) .. :[.:.;.:.·~:: ..•.  •. :.f.! .. : •.·:.:.· •. l" ;; 
~ V· ><:~·~::;:~S:~ 
k'':>::>j ',t.: .•.. · •.. ~.:.:.'·.: •.• · .•. ,.·.·,:' ..•. '.-.•. '.•. ' ... :~.-.•. f.: j 1.·:>:)·.><.>; 
~ >«\< l' . 1 r'>:» .:'J f .• ·'.:.~ •. -.'.·.·.:·-:.:.·.  .•.•. :.:.:. :':'~-':':/:!1': 
I, •.. ·· .. :·-.:.,_.'.::,;·.·.~· .:: ..•..•.•. -..• ;., .. : •. : •..... ~ .• :.~'., . '  :.... ....... -~: .. , . :.•  :.....•.  1  
1 
f>81& F;:::: ;1 . . .. 
. . . . li.·.~/:.:.:.·.· •.•. ,· .•. ·.• . ' ·.·.: •••. ·.·.· •. · •. ~ .......•• ••.. :•• -.' •...•• ' •..•. :•...•.. :• ..•..•.•••... 1 '~,i. ,/ •• > ••••«-.j [<":/"'><'j 
:. '.' .' " r:,:~~.~·~~;:.:::j [:'·.:·:·:::::'1 
D .-L---L::4L.LL........ltL·/L/ ~i/ '-'/ ,:1..,  --I~-f-L...:l.--L~IL.L.4--....l'-'~~_lLL./4/-'T./.L... -.L./!'--..J..L..':,~:.L--"-L-'f""'-"'-'----' 
0,83, 1,0 1,25 '\ ,67 1 fil ~ - . 
cows + CALVES PER Ho 
Figure 1 Qa. Total metabolic mass per hectare for the various classes 
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Figure 1 Qb. Total metabolic mass per hectare for the various classes 
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Figure 10c. Total metal::x:>lic mass per hectare for the various classes 
of animals for the 1980/81 season. 
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Figure 10d. Total metal::x:>lic mass per hectare for the various classes 
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Figure 11. The percentage mean metabolic mass increase for the calves 
on veld at the different stocking rates during the 
1978/79 - 1981/82 seasons. 
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Mass changes - lactating cows 
The changes in body mass of the cows for each of the four seasons 
are shown in Figure 13a (1978/79), Figure 13b (1979/80), Figure 13c 
(1980/81) and Figure 13d (1981/82). The curves were derived from the 
quar tic equations presented in Appendix 1. The cows in Tr.1 (0,83 cows 
+ calves /ha) had significantly (p <0,01) higher mass gains to maximum 
mass than the cows in Tr.2. The time required to attain maximum mass 
was similar for both treatments. Maximum or peak mass liES considered to 
be an important variable in indicating the potential gain possible 
under the prevailing conditions. Rapid losses generally occurred in all 
the treatments after maximum mass was reached. Grazing was normally 
terminated within 30 days of maximum mass being attained. 
The performance of the cows in Tr.2 (1,0 cows + calves/ha) and 
Tr.4 (1,25 cows + calves /ha) varied little for the first three seasons 
(Figures 13a, 13b and 13c), but stocking rate clearly exerted a 
significant effect during the fourth season (Figure 13d). A comparison 
of the two treatments over the four seasons reveals that the cows in 
Tr.2 and Tr.4 had mass gains of 39,77 kg and 35,86 kg to maximum mass 
respectively. However, whilst the time taken to reach maximum mass 
differed between the two treatments, the mean AIL's were similar (Table 
27). Two notable differences between treatments two and four became 
apparent during the 1981/82 season. Firstly, the cows in Tr.4 achieved 
a maximum mass of 429,06 kg after 150 days, whilst the cows in Tr. 2 
attained their maximum mass of 451,56 kg after 218 days. However, the 
cows in Tr.2 were still gaining in mass Ililen they were rerroved from the 
veld (Figure 10d). It can therefore be assumed that the grazing period 
for the cows in Tr.2 could have been exterded. In contrast, the cows in 
Tr.4 were removed from grazing after only 180 days due to their 
extremely poor body condition (mean condition score 1,83). 
During the 1978/79 and 1980/81 seasons the mean maximum mass of 
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Table 27. The mean maximum mass, days to maximum mass, average daily 
gain (AOG) to maximum mass and the number of grazing days 
for lactating cows. 
Treatment Tr. 1 Tr. 2 Tr. 4 Tr. 5 
Cows + calves/ha 0,83 1,0 1,25 1,67 
Maximum mass 
1978/79 (kg) 457,69 442,28 452,94 426,40 
1979/80 (kg) 493,97 447,18 477 ,57 442,41 
1980/81 (kg) 484,39 457,62 463,59 442,66 
1981/82 (kg) 473,19 451,56 429,06 398,48 
477,31 457,16 455,79 422,49 
±15,60 ±14,72 ±20,48 ±18,16 
Da~s to maximum mass 
1978/79 175 171 164 150 
1979/80 178 174 176 9 
1980/81 165 160 162 151 
1981/82 188 218 150 ° 
176,50 180,75 163,00 77 ,50 
± 9,47 ±25,56 ±10,65 ±84,58 
ADG to maximum mass 
1978/79 (kg) 0,25 . 0,19 0,26 0,03 
1979/80 (kg) 0,22 0,15 0,1 L 0,08 
1980/81 (kg) 0,34 0,30 0,28 0,05 
1981/82 (kg) 0,40 0,22 0,18 0,00 
0,31 . 0,22 0,22 0,05 
±0,07 ±0,01 ±0,08 ±0,04 
No. of grazing da~s 
1978/79 196 196 196 196 
1979/80 197 197 197 197 
1980/81 189 189 189 189 
1981/82 218 281 180 124 
200,00 200,00 190,50 176,50 
±12,5 ±12,5 ± 7,86 ±35,18 
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Table .28. Daily growth rates (kg/day) of lactating cows during different 
grazing stages. 
Treatment Tr .1 Tr. 2 
Cows, + calves/ha 0,83 1,0 
1978/79 Season 
15.11.78 - 15.01.79 61 days 0,163 0,133 
15.02.79 - 15.05.79 89 days 0,133 0,098 
01.11.78 - 15.05.79 195 days 0,198 0,144 
1979/80 Season 
07.11.79 - 16.01.80 70 days 0,122 -0,075 
13.02.80 - 22.05.80 99 days 0,226 
07.11.79 - 22.05.80 197 days 0,180 
1980/81 Season 
15. 11. 80 - 15. 01. 81 61 days 0,402 
15.02.81 - 14.05.81 88 days 0,102 
06.11.80 - 14.05.81 189 days 0,264 
1981/82 Season 
29. 1 ° . 81 - 1 9 . ° 1.82 82 days 0,533 
16.02.81 - *End grazing 0,270 
29.01.81 - *End grazing 0,312 
* End of grazing Tr. 1 11/6/82 = 218 days 
Tr. 2 4/6/82 = 218 days 
Tr. 4 27/4/82 = 180 days 
























the cows in Tr.5 was reached after 150 days at an average growth rate 
of 0,037 kg/day and 0,051 kg/day respectively (Table 27). The mean 
maximum mass was therefore only marginally higher than the mean 
li vemass at the start of the sunmer grazing. During the 1979/80 and 
1981/82 seasons, the cows lost mass right fran the start of the grazing 
season. Grazing, during the 1981/82 season, was terminated after only 
124 days. The mean condition score of the cows at the end of the 
1981/82 grazing season was 1,73. 
The daily growth rates during various grazing stages are shown in 
Table 28. The first stage (from the initiation of grazing up to 
mid-January) includes the breeding season. The second stage covers the 
period from mid-February to the termination of grazing. As a decline in 
veld quality and availability generally occurs from mid-February, a 
urea-based lick was supplied to the animals in all the treatments 
during this stage. The third stage incorporates the entire grazing 
season. 
The cows in Tr. 5 lost mass during the breeding season each year 
(mean 0,16 kg/day) and continued to lose mass until being removed from 
the veld des pi te ha v ing access to the urea lick from mi d-F ebruary • 
Although the cows in Tr.2 and Tr.4 also lost mass during the 1979/80 
breeding season (Table 28), both these groups gained mass during the 
period when a urea-based lick was made available. As a result, a 
positive growth rate was recorded for these two treatments when 
analysed over the entire grazing period (Table 28). 
In an effort to identify the factors influencing the mass changes 
of the lactating cows en veld over the four seasons, the data were 
subjected to a stepwise regression analysis (Genstat V). The following 
independent variables were included in the analysis: 
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stocking rate X1 
Initial mass (mass at start of grazing) X2 
Season X3 
Calf gain X4 
No. of days postpartum X5 
All the cows were fed to achieve a similar condition (CS 3,0) at 
calving. Condition score was therefore not included as an independent 
variable. Mass changes (Y) were recorded between the onset of the 
grazing season and removal from the veld. Those factors that affected 
cow mass changes significantly are sunmarised in Table 29. Stocking 
rate was by far the rrost important factor affecting cow performance, 
accounting for 45,5% of the total variation. Initial mass (X2) 
accounted for an additional 9,8% of the variation. In total, 56,8% of 
the variation was accounted for. Season, calf gain and the number of 
days post-partum accounted for less than 1,5% of the total variation. 
Their contribution was not statistically significant. Season had no 
signi ficant effect on cow performance. Whilst this finding is 
surprising, it is supported by the data in Figures 10a - 10d where the 
differences in metabolic mass changes between seasons, on a per hectare 
basis, were relatively small. 
Changes in condition score - lactating cows 
The concept of condition scoring as a means of assessing the 
physiological state of a breeding cow was used in this experiment for 
the first time in 1979/80. The changes in condition score of the 
lactating cows during the 1979/80, 1980/81 and 1981/82 seasons are 
shown in Figures 14a, 14b and 14c respectively. The means presented in 
these figures were deri ved from the quartic equations presented in 
Appendix 2.Weaning on the basis of the dam's condition was also first 





Cow mass change 
from initiation 
of grazing to 
weaning 
Independant variable 
Stocking rate (X 1) 
Stocking rate (X 1) + initial mass (X 2) 
+ Season (X 3) 
+ Initial mass eX 4) 
Y = 200,7 - 76,9 ex 1) - 0,206 ex 2) 
Contribution of variable(s) 
to total variation 
















attempted during the 1979/80 season. The criterion for weaning was 
theoretically defined as that time when the mean condition score of all 
the lactating cows in anyone treatment, fell below a condition score 
of 2,0. All the treatments were then terminated for that particular 
season. Whilst an attempt was made to apply the weaning criterion 
strictly, in practice, treatments were often terminated when the mean 
condition score was either just above or below 2,0. During the 1979/80 
season the calves were weaned, and all the animals were removed from 
summer grazing when the mean condition score of the cows in Tr.5 (1,67 
cows + calves /ha) was just above a 2,0. All the animals were removed 
from veld after 197 days of grazing (Table 27). Although the condition 
scores of the cows in T r. 1, T r. 2 and T r. 4 were dec lining at weaning, 
the grazing period could have been extended had the criterion for 
weaning on the basis of condition score been strictly applied. 
During the 1980/81 season the cows in Tr.1 increased their 
condi tion scores during the first two weeks on veld and thereafter 
maintained condition until the end of the grazing period (Figure 14a). 
The grazing season was terminated after 189 days when the mean 
condition score of the cows in Tr.5 was 1,73 (Figure 14a). The cows in 
Tr.1, Tr.2 and Tr.4 had mean condition scores at the erd of the grazing 
season of 3,06, 2,17 and 2,76 respecti vel y. The grazing season could 
therefore have been extended for these three treatments. The changes in 
condition score during the 1981/82 season (Figure 14c) varied 
considerably from the trends reflected in the two previous seasons 
(Figures 14a and 14b). The cows in Tr.1 gained condition and reached a 
condition score of 3,57 after 150 days on veld. Their condition 
declined slightly thereafter, with the mean condition score at weaning 
(218 days) being 3,47. The cows in Tr.2 showed a steady decline in 
condition during the first 30 days on veld. They then recovered 
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grazing. The grazing period for the cows in Tr.4 was terminated after 
180 days when the fTEan cond i tion scores of the cows was 1,87. These 
cows showed a rapid decline in condition score during the last 50 days 
on veld. The cows in Tr.5 had a fTEan cmdition score of 1,77 after only 
124 days on veld. 
Mass changes - non-lactating cows 
Insufficient lactating cows were available for the experiment 
during the 1979/80 and 1981/82 seasons. Dry cows were therefore 
included in each treatment in order to maintain the desired stocking 
rates. Whilst the experiment was designed to carry 30 cows plus calves 
per treatment, the inclusion of dry cows during two of the seasons 
provided the qJportunity to assess the performance of dry pregnant 
cows, relative to lactating cows, at different stocking rates. 
Mass changes for dry pregnant cows during the 1979/80 and 1981/82 
grazing season are shown in Figures 15a and 15b respectively. The 
curves shown in Figure 15a indicate that whilst the dry cows in Tr.5 
did not perform as well initially as the cows in Tr.2 and Tr.4, the 
mass changes for the first 165 days, on veld were similar for all three 
treatments. In particular, the cows in Tr.5 lost rTBSS rapidly after 165 
days on veld. The cows in Tr.1 achieved their mean maximum mass after 
186 days on veld at an average growth rate of 0,525 kg/day (Table 30). 
The cows in Tr.2 and Tr.4 attained similar mean maximum livemasses but 
at slightly different ADG's (0,25 vs. 0,32) because of the difference 
in the number of days taken to reach peak li vemasses for the season. 
The cows in Tr.2 recorded a mean daily growth rate to maximum mass of 
0,352 kg/day, whilst the cows in Tr.4 gained at a rate of 0,327 kg/day 
(Table 30). 
The performance of lactating cows and dry cows wi thin the same 
stocking rate treatments and the same seasons (1979/80 and 1981/82) 
102 
Table 30. The mean maximum mass, days to maximum mass, mass gained to 
maximum mass, average daily gain (ADG) to maximum mass 
for dry cows on summer veld. 
Treatment Tr. 1 Tr. 2 Tr. 3 Tr. 5 
Cows + calves/ha 0,83 1,0 1,25 1,67 
Maximum mass 
1979/80 555,79 524,38 519,40 511,88 
1981/82 561,51 505,35 520,84 449,44 
558,65 514,87 520,12 480,66 
± 4,05 ±13,46 ± 1,02 ±44,16 
Days to max. mass 
1979/80 186 193 179 165 
1981/82 198 218 160 124 
192, ° 205,5 169,5 144,5 
± 8,49 ±17,68 ±13,44 ±29,0 
Mass gained to max. mass 
1979/80 97,65 69,34 64,42 52,40 
1981/82 120,38 98,98 91,98 30,26 
109,02 84,16 78,20 41,33 
±16,08 ±20,96 ±19,49 ±15,66 
ADG to max. mass 
1979/80 0,52 ' 0,35 0,32' 0,26 
1981/82 0,60 0,45· 0,51 0,24· 
0,57 0,41 0,42 0,26 
± 0,06 ±0,08 ± 0,13 ±0,02 
No. of grazing da~s 
1979/80 197 197 197 197 
1981/82 218 281 180 124 
207,5 207,5 188,5 160,5 
±14,85 ±14,85 ±12,02 ±51,62 
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were compared. The lactating cows in Tr.1, Tr.2, Tr.4 and Tr.5 achieved 
their mean maximum livemasses after 183, 196, 163 and 75 days (mean for 
two seasons) respectively (Table 27). In contrast, the dry cows reached 
their mean maximum li vemasses after 192, 206, 170 and 144 days (mean 
two seasons) in Tr.1, Tr.2, Tr.4 and Tr.5 respectively (Table 30). The 
main differences between the two classes of animal are reflected in the 
mass gained in achieving maximum mass. Mass gained by the lactating 
cows was 58,56 kg (Tr.1), 37,24 kg (Tr.2), 26,08 kg (Tr.4) and 3,0 kg 
(Tr.5), whilst the dry cows showed mass gains of 109,44 kg, 82,20 kg, 
71,19 kg and 36,0 kg in Tr.1, Tr.2, Tr.4 am Tr.5 respectively. The dry 
cows therefore had 86,89%, 120,73%, 172,97% and 1200,00% greater 
livemass gains than the lactating cows in Tr.1, Tr.2, Tr.4 and Tr.5 
respectively. 
Whilst these figures are predictable in the sense that dry cows 
would be expected to show greater li vemass gains than lactating cows 
under similar conditions, these data indicate that the lactating cows 
were infinitely more susceptible to increasing stocking rate than dry, 
pregnant cows. 
Condition score changes - non-lactating cows 
The condition score changes for dry cows during the 1979/80 and 
1981/82 seasons are shown in Figures 16a and 16b respectively. The dry 
cows generally maintained or gained condition slightly during the 
1979/80 grazing season. The condition fluctuations recorded by the cows 
in Tr.4 were not as dramatic as they appear in Figure 16a as a result 
of the scale of the graph. The cows in Tr.4 gained an average of 0,36 
condition score points during the first 80 days on veld, but lost this 
condition during the following 90 days. The fTEan condition score of 
these cows at the termination of grazing was the same as their 
condition score at the onset of grazing. A similar trend held true for 
105 
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Figure 16b. '!he nean oorrlition score dlanges for the dry pregnant oows 








the cows in Tr. 2. The cows in Tr. 1 showed a marginal condition score 
improvement (0,25 condition points) during the grazing season (Figure 
16a) • 
Condition score changes during the 1981/82 season (Figure 16b) 
were substantially different from those recorded during the 1979/80 
season. The cows in all four treatments improved their condition and 
those in Tr.1, Tr.2 and Tr.4, in particular, showed significant gains. 
The cows in Tr.1 had a f1Ean condition score of 5,0 after 180 days on 
veld. The cows in Tr.4 had a f1Ean condition score of 4,25 after 160 
days on veld (Figure 16b). However, their condition scores declined 
during the last 20 days on veld. Grazing was terminated after 180 days, 
at which stage the mean condition score of these cows (Tr.4) was 3,98. 
The f1Ean condition score of the cows in Tr.2 at the end of the grazing 
season was 4,28 (Figure 16b). These cows were, however, still gaining 
in condition at this stage. Clearly, the cows in both Tr.2 and Tr.4 
were fat at the onset of the winter feeding period and would be 
required to lose half a condition score point before calving. The cows 
in Tr.5 showed no condition score gain during the first 50 days on 
veld, but thereafter improved their condition score to 3,24 before 
being removed from the veld together with the lactating cows. 
Calves 
Growth rates 
The growth curves for the calves during the four seasons are 
presented in Figures 17a, 17b, 17c and 17d respectively. The curves 
were based on fitted f1Eans which were derived from the quartic 
equations presented in Appendix 3. The calves in Tr.5 (1,67 cows + 
calves /ha) were weaned after 124 days on veld in the 1981/82 season 




Mean maximum mass (kg), days to maximum mass, average 
daily gain (ADG) to maximum mass (kg/day) and 
the number of grazing days recorded by calves during 
the summer grazing season. 
Tr. 1 Tr. 2 Tr.4 Tr. 5 
Cows + calves/ha 0,83 1,0 1,25 1,67 
Maximum mass 
1978/79 193,88 187,04 192,67 167,77 
1979/80 216,51 211 ,30 231,30 186,39 
1980/81 215,63 189,60 188,47 156,54 
1981/82 226,65 215,29 168,89 130,62 
213,17 200,81 195,34 160,33 
±13,80 +14,55 +26,13 ±23,32 
Days to max. mass 
1978/79 196 196 194 190 
1979/80 197 192 197 189 
1980/81 189 189 189 182 
1981/82 218 218 180 124 
200,00 198,75 190,00 171 ,25 
+12,52 ±13,15 + 7,44 ±31,70 
ADG ' to f1lax. mass 
1978/79 0,66 , 0,63 0,65 0,53. 
1979/80 0,73 0,71 0,75 0,61, 
1980/81 0,74 0,64 , 0,63, 0,47 
1981/82 0,74 0,68· 0,55 0,50 
0,73 0,67 . 0,66 0,54 . 
±0,04 +0,04 ±0,09 ±0,07 
No. of grazing days 
1978/79 196 196 196 196 
1979/80 197 197 197 197 
1980/81 189 189 189 189 
1981/82 218 218 180 124 
200,00 200,00 190,50 176,50 






of the calves in Tr. 5 was 130,62 kg which llES achieved at a growth rate 
of 0,508 kg/day (Table 31). The data in Figures 17a, 17b and 17c 
indicate that the calves in Tr.5 tended to gain mass at a slower rate 
during the last 42 days of grazing, than was the case during the 
earlier part of the season . The calves in Tr.5 generally attained their 
mean maximum masses about seven days before they were removed from the 
grazing (Table 31). This trend was contrary to that seen in the other 
three treatments. In general, the number of days required to reach 
maximum mass and the number of grazing days did not differ for the 
calves in Tr.1, Tr.2 and Tr .4. It is evident from these data that the 
very hi gh stocking rate (1,67 cows + calves /ta) reduced both the cows' 
and the calves' performances significantly. The data in Table 31 also 
show that the calves in Tr . 4 (1,25 cows + calves /ha) were suppressed 
by the high stocking rate, as the mean maximum masses (weaning masses) 
and the AOG's declined progressively during the 1979/80, 1980/81 and 
1981/82 seasons. The calves in Tr.1 (0,83 cow + calf /ha) realized 
6,16% (mean four years) hi gher weaning masses than the calves in Tr. 2 
(1,0 cow + calf /ha). However, apart from the 1980/81 season (P<0,01), 
there were no statistically significant differences in the growth rates 
on summer veld between the calves in these two treatments. 
The factors affecting calf gain (Y) on veld between the onset of 
grazing and removal from the veld were analysed by a stepwise 
regression analysis (Genstat V). The independent variables included in 
the analysis were: 
109 
stocking rate X1 
Season X2 
Initial mass (at start of grazing) X3 
Cow mass change (over grazing season) X4 
Age of calf at start of grazing X5 
A summary of the factors affecting calf gains is presented in 
Table 32. Stocking rate had the rrost significant (P<0,01) effect on 
calf gain, accounting for 39,2% of the variation. Season contributed a 
further 3,6% to the total variation. Initial mass, cow mass change and 
age of calf at the start of grazing contributed only a further 0,8% to 
the variation. In total, 44,4% of the variation was accounted for. It 
is interesting to note that season had a small, but significant 
(P<0,001) effect m calf performance - in contrast to cow performance. 
Once again these figures confirm the trends in metabolic mass changes 
shown in Figures 10a - 10d where metabolic mass changes per hectare 
varied between seasons. 
~ineral vs. urea/mineral supplement 
Lactating cows 
The mass changes for the lactating cows in Tr.2 (1,0 cow + calf/ha 
- mineral lick), Tr.3 (1,0 cow + calf/ha - urea lick), Tr.5 (1,67 cows 
+ calves/ha - mineral lick) and Tr.6 (1,67 cows + calves/ha - urea 
lick) during the four seasons are presented in Figures 18a, 18b, 18c 
and 18d. All the animals received a urea-based lick from the 15th of 
February each year. However, only Tr.3 and Tr.6 received the urea lick 
from the beginning of the grazing season. The cnimals in the other four 
treatments had free access to a mineral lick. 
Lick intakes were rronitored during the 1978/79 and 1979/80 





Calf gain from 
initiation of 
grazing until 
removal from veld 
Independant variableCs) 
Stocking rate (X 1) 
Stocking rate (X 1) + Season (X 2) 
+ Initial mass (X 3) 
+ Cow mass gain (X 4) 
Y = 196,57 - 59,98 (X 1) - 7,1 (X2) 
Contribution of variableCs) 
to total variation 
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Figure 17c. '!he mean ITBSS changes m veld for the calves during the 
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Figure 17d. '!he mean ITBSS changes m veld for the calves during the 
1981/82 seasoo. 




seasons. Intakes in excess of 1000g per head per day were frequently 
recorded, which was considered high for the type of lick being 
provided. However, towards the end of the second season it was 
discovered that lick was being stolen out of the feed troughs. 
Unfortunately, this nEant that the intakes recorded during the first 
two seasons were unreliable. These data have therefore not been 
presented. A policy of providing 450 g of winter lick per head/day was 
adopted at the beginning of the 1981/82 season. The lick was supplied 
three times a week. This policy remained in force until the termination 
of the trial. 
The benefit of a urea lick to the cows stocked at 1,0 cow + 
calf/ha (Tr.3) is evident from the trends in Figures 18a, 18b, 18c and 
18d. The nEan AOG' s of the cows in Tr. 3 were significantly (p <0, 01 ) 
higher than those of the cows in Tr.2 (Table 33) in each of the four 
seasons. Whilst the number of days required to achieve maximum mass 
varied very little between the two treatments, the average daily gains 
achieved by the cows in Tr.3 were significantly (P<0,01) higher than 
the AOG's achieved by the cows in Tr.2. 
There was no difference in body condition betlJEen the cows in Tr.2 
and Tr.3 at the end of the 1979/80 grazing season. However, during the 
1980/81 and 1981/82 seasons , the cows that had access to the urea lick 
(Tr.3) during the first 120 days on veld, were in better (P<0,05) 
condition at the termination of grazing. Consequently, the grazing 
season could have been extended for the cows in Tr.3, thereby reducing 
the winter feeding period. 
A more detailed analysis of the performance of the lactating cows 
until the 15th of February ( Table 34) reveals that the cows in T r. 3 
achieved significantly higher (P<0,01) AOG's during the first 60 days 
of the grazing season than the cows in Tr.2. Daily gains by the cows in 
Tr.3 were significantly (P<0,01) lower during the second 60 days of 
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Table 33. Mean maximum mass (kg), days to maximum mass, 
average daily gain (ADG - kg/day) and the number 
of grazing days for lactating cows receiving 
either a mineral (M) or urea (U) lick. 
Treatment Tr. 2 Tr. 3 Tr. 5 Tr. 6 
Cows + cal ves/ha 1,0 1,0 1,67 1,67 
Supplement M U M U 
Maximum mass 
1978/79 442,28 463,52 426,40 421,42 
1979/80 477 ,18 491,81 442,41 453,41 
1980/81 457,62 466,43 422,66 423,38 
1981/82 451,56 473,01 398,48 399,48 
4'17,16 473,70 422,49 424,43 
Days to max. 
±.14,77 ±12,72 ±18,16 ±22,16 
mass 
1978/79 171 178 150 31 
1979/80 174 172 9 6 
1980/81 160 165 151 150 
1981/82 218 208 ° ° 
180,75 180,75 77 ,50 46,75 
+25,56 ±18,93 ±84,38 ±70,l3 
ADG to max. mass 
1978/79 0,19 0,34 0,03 0,34 
1979/80 O,lS 0,35 0,08. 0,07 
1980/81 0,30 0,37 0,05 0,00 
1981/82 0,22 0,42 0,00 0,00 
0,22 0,38 0,05 0,11 
+0,07 ±0,04 ±0,04 +0,17 
No. of grazing days 
1978/79 196 196 196 196 
1979/80 197 197 197 197 
1980/81 189 189 189 189 
1981/82 218 218 124 124 
200,00 200,00 176,50 176,50 
±12,52 ±12,52 ± 7,86 ± 7,86 
*Mean condition score 
1978/79 - - - -
1979/80 2,58 2,58 1,58 1,88 
1980/81 2,03 2,74 1,21 1,26 
1981/82 2,63 3,17 1,73 1,73 
2,42 2,83 1,60 1,63 ±0,34 +0,31 +0,34 +0,33 




The average daily gains (ADG' s - kg/day) of 
lactating cows on summer grazing when fed 
either a mineral (H) or urea eU) supplement. 
Tr. 2 Tr. 3 Tr. 5 Tr. 6 
Cows & calves/ha 1,0 1,0 1,67 1,67 
Supplement H U H U 
Dav ° - 60 
1978/79 0,209 0,576 0,015 0,119 
1979/80 -0,083 0,412 -0,102 -0,226 
1980/81 0,292 0,608 -0,122 -0,352 
1981/82 0,123 0,750 -0,359 -0,354 
0,140 0,590 -0,150 -0,120 
+0,170 +0,140 +0,16 +0,23 
Dav 61 - 120 
1978/79 0,171 0,195 0,037 -0,030 
1979/80 0,152 0,281 -0,050 -0,059 
1980/81 0,229 0,254 0,076 0,181 
1981/82 0,362 0,316 0,189 0,277 
0,230 0,270 0,070 0,100 
±0,10 +0,06 ±0,10 ±0,170 
Initial - Final Mass 
1978/79 0,141 0,293 -0,054 -0,068 
1979/80 0,089 0,255 -0,157 -0,160 
1980/81 0,151 0,288 -0,121 -0,149 
1981/82 0,221 0,404 -0,098 -0,047 
0,150 0,310 -0,110 -0,110 
+0,06 ±0,07 ±0,05 ±0,06 
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respectively. The urea-based lick resulted in small (NS) additional 
mass gains at the low stocking rate (1,0 cow + calf /ha) rut no ~parent 
improvement in mass gain at the high stocking rate (1,67 cows + 
ca~ves/ha) • 
The data presented in Tables 42 and 43 validate this staterrent. In 
three of the four seasons (1978/79 - 1980/81), the calves in Tr. 3 
recorded mean maximum masses approximately 10kg higher (NS) than the 
calves in Tr.2. In terms of ADG to maximum mass (weaning mass), the 
calves in Tr.3 also had slightly higher growth rates than the calves in 
Tr.2, but the difference was not statistically significant (Table 35). 
In contrast, the cal ves in T r. 6 showed mean maximum masses 
approximately 10 kg lower than the masses attained by the calves in 
Tr.5, in three of the four seasons. The ADG's recorded by the calves in 
T r. 6 were also lower (NS) than the ADG' s recorded by the calves in 
Tr.5. 
A detailed analysis of the performance of the calves during the 
first and second 60 days on veld as well as the ADG's from initial to 
final mass, are presented in Table 36. During the 1978/79 and 1980/81 
seasons, the calves in Tr.3 recorded significantly (P<0,01) higher 
ADG's over the first 60 days on veld than the calves in Tr.2. This 
trend did mt persist during the second 60 days on veld (Table 36). 
During the 1981/82 season the calves in Tr. 2 recorded slightly higher 
(NS) ADG's during the first 60 days on veld, than the calves in Tr.3. 
This trend was, however, reversed during the second 60 days. From day 
61 to day 120 the calves in Tr.3 consistently outperformed the calves 
in Tr.2 (Table 36). 
At the high stocking rate (1,67 cows + calves/ha) there was no 
benefit from the urea lick cLring the first 120 days on veld. In the 
first 60 days of the 1979/80 and 1981/82 seasons, the calves in Tr.5 




Mean maximum mass (kg), days to maximum mass, 
average daily gains (ADG' s - kg/day) and the 
number of grazing days for calves having access 
to either a mineral (M) or urea (U) lick. 
Tr. 2 Tr. 3 Tr. 5 Tr. 6 
Cows + calves/ha 1,0 1,0 1,67 1,67 
Supplement M U M U 
Maximum mass 
1978/79 187,04 197,47 167,77 158,83 
1979/80 211 ,30 220,25 186,39 176,31 
1980/81 189,60 204,95 156,54 157,98 
1981/82 215,29 216,18 130,62 120,38 
200,81 209,72 160,33 153,38 
i14,55 +10,42 ±23,32 +23,57 
Days to max. mass 
1978/79 196 196 190 182 
1979/80 192 197 189 190 
1980/81 189 189 182 186 
1981/82 218 218 124 124 
198,75 200,00 171 ,25 170,50 
+13,15 ±12,52 ±31,70 +31,18 
ADG to max. mass 
1978/79 0,63 0,69 0,53 0,55 
1979/80 0,71 0,75 0,61 0,58 
1980/81 0,64 0,72 0,47 0,48 
1981/82 0,68 0,68 0,50 0,43 
0,67 0,72 0,54. 0,52 
+0,04 ±0,03 ±0,07 +0,07 
No. of grazing days 
1978/79 196 196 196 196 
1979/80 197 197 197 197 
1980/81 189 189 189 189 
1981/82 218 218 124 124 
200,00 200,00 176,50 176,50 




The average daily gains (ADG's - kg/day) of 
calves on summer grazing having access to either 
a mineral (M) or urea (U) lick. 
Tr. 2 Tr. 3 Tr. 5 Tr. 6 
Cows + calves/ha 1,0 1,0 1,67 1,67 
Supplement M U M U 
Day ° - 60 
1978/79 0,655 0,748 0,621 0,667 
1979/80 0,678 0,729 0,674 0,648 
1980/81 0,617 0,756 0,538 0,546 
1981/82 0,687 0,659 0,477 0,448 
0,660 0,730 0,580 0,580 
+0,04 ±0,05 +0,09 +0,11 
Day 61 - 120 
1978/79 0,719 0,736 0,615 0,599 
1979/80 0,804 0,878 0,642 0,662 
1980/81 0,792 0,827 0,577 0,619 
1981/82 0,813 0,842 0,542 0,418 
0,790 0,820 0,600 0,580 
±0,05 +0,06 +0,05 ±0,11 
Initial - Final Mass 
1978/79 0,638 0,693 0,517 0,499 
1979/80 0,691 0,754 0,588 0,559 
1980/81 0,644 0,726 0,454 0,474 
1981/82 0,688 0,689 0,508 0,434 
0,670 0,720 0,520 0,500 
±0,03 +0,03 ±0,06 ±0,06 
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Figure 19a. The mean mass changes of the calves on veld with access 
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during the second 60 days on veld. 
The ADG's reflecting the overall performance on veld indicate 
that, in three of the four seasons, the calves in Tr.5 had higher (NS) 
growth rates than the calves in Tr.6. There was therefore no benefit 
from supplying a urea-based lick to the calves at the high stocking 
rate. 
Veld quality and composition 
Crude protein 
The mean crude protein (Cp) content of the veld for each of the 
four seasons is presented in Figures 20a, 2Db, 20c and 20d. A summary 
of the trend in CP quality over the four seasons is sholll1 in Figure 21. 
Unfortunately, sampling problems were experienced during the 1980/81 
season. As a result, CP changes during certain periods only, were 
recorded. These stages included the mating season, the period from the 
start of the grazing season to mid-February, and that fran mid-February 
to the end of the grazing season. These data are nevertheless presented 
in Figure 19c. 
The change in monthly CP values within each treatment, over the 
four seasons, is of considerable interest. The data sholll1 in Figure 20a 
indicate the relatively small difference (approximately 1 %) in crude 
protein between the different treatments for the first six months of 
grazing. The quality of the grass declined sharply during the last 
month of grazing in Tr.1 and Tr.2. It should be noted that, prior to 
the commencement of the experiment, the camps allocated to each 
treatment had not been subjected to any experimental regime. 
The relatively low CP values recorded at the beginning of the 
1979/80 season probably result from the poor rainfall recorded during 
September, October and November (Table 26). However, the quality of the 
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Figure 2Od. The seasonal cnrle protein changes at the four 
stocking rates recorded during the 1981 /82 season_ 
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Fi gure 21. The mean seasonal crude protein content of the veld 










veld recovered slightly after good rainfall in December. 
8y the end of the fourth season, differences in CP between the low 
and high stocking rates were clearly evident (Figure 2Dd). During the 
first three rronths of grazing in the 1981/82 season, the differences 
between the treatments in terms of CP were relatively small. However, 
from February onwards, the CP values recorded in Tr.1 lJ.Ere consistently 
lower than the values recorded between November and January. In 
contrast, the figures recorded in Tr.2, to some extent, and Tr.4 and 
Tr.5 in particular, were considerably higher than the CP values 
recorded in Tr. 1. The rrean CP figures, over the four seasons, reflected 
in Figure 21 indicate a steady decline in quality in Tr.1 from March 
onwards. Generally, all the treatments, except Tr.1, maintained a 
reasonably high CP content through to April. 
Veld composition 
The results of the veld composition assessments are shown in Table 
37. The composition of the veld in the low to rroderately stocked 
t reatments (Tr.1, Tr.2 and Tr.3) changed relatively little over the 
period from 1978/79 to 1981/82. The 50% reduction in the proportion of 
Decreasers in Tr. 1 (wi thin two years) is regarded as unrealistic. No 
sound explanation can be offered for this trend. It is possible that 
the observers differed in their interpretation of the species category 
between the 1978 and 1980 seasons. However, this cption IIDUld appear to 
be unlikely. A second possibility is that the camps used to assess the 
species composition were not only leniently defoliated, but also had a 
full season's rest between 1978 and 1980, resulting in the increase in 
the proportion of Increaser I's. However, the proportion of Decreasers 
in Tr.1 remained stable during the following two seasons. The 
consistent proportion of Decreasers with a slight increase in the 
proportion of Increaser II's and concomitant decrease of Increaser I's 
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in Tr.2 and Tr.3 indicates over-utilization of the veld during the 
1978/79 - 1981/82 grazing cycle. 
Data from only two seasons were collected for Tr.4 (1,25 cows + 
calves/ha). The reduction in the proportion of Decreasers and Increaser . 
Ill's and the increase in the proportion of Increaser II's indicate 
over-utilization. 
The veld in Tr.5 and Tr.6 (1,67 cows + calves/ha) showed a rapid 
decline in composition score. The proportion of Increaser II's 
increased by approximately 100%, whilst the proportion of Increaser 
I's. Increaser Ill's and Decreasers declined by about 70%. These 
figures indicate marked over-utilization of the veld. 
The results of herbage production estimates for the 1981/82 
grazing season, for each treatment, are presented in Table 38. The 
differences in herbage production between the low (0,83 cows + 
calves/ha) and moderate (1,0 cow + calf/ha), and high (1,25 cows + 
calves/ha) and very high (1,67 cows + calves/t-e) stocking rates for the 
1981/82 season were highly significant (P<0,01). These data indicate 
that even though a recognised management system was applied, stocking 
rates in excess of 1,0 cow + cal f /ha resulted in a reciJction of herbage 
in a relatively short time. The composition of the veld in Tr.4 
remained rruch the same as that in Tr.1 and Tr.2, but dry matter 
production was about 1000 kg/ha lower from these treatments during the 
1981/82 season. This suggests that the lower herbage prociJction was ciJe 
to reduced plant vigour. 
In Tr.5 and Tr.6, both herbage yield and veld composition were 
affected to such an extent that, by the ern of the four-year cycle, the 
grazing season was reduced to four roonths. During the same period, 
grazing continued for another three months in Tr.1, Tr.2 and Tr.3. 
Poor animal performance and the deterioration in veld condition 
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Table 37. Veld composition changes during the 1978, 1980 and 1982 seasons_ 
Treatment Year Percentage contribution of each species Compos i ti on 
category to veld composition 
Decreaser* Increaser 1* Increaser 11* Increaser 111* 
+Bench 53 28 12 7 
Tr. 1 1978 27 37 18 18 
0,83 LSU/ha 1980 12 48 18 22 
1982 14 46 23 17 
Tr. 2 1978 27 42 12 18 
1,0 LSU/ha 1980 19 45 13 22 
1982 21 38 20 21 
Tr. 3 1978 16 28 47 8 
1,0 LSU/ha 1980 16 34 38 12 
+ urea 1982 17 23 53 7 
Tr . 4 1978 - - - -
1,25 LSU/ha 1980 29 40 15 15 
1982 18 44 27 10 
Tr. 5 1978 19 23 45 13 
1,67 LSU/ha 1980 7 21 66 6 
1982 8 8 81 3 
Tr. 6 1978 26 25 42 8 
1,67 LSU/ha 1980 6 13 76 5 
~ urea 1982 7 7 83 3 
* As defined by Tainton, Edwards & Mentis (1980) 
+Composition of benchmark site is that established by Foran et ii. (1978) 






















Table .3& Herbage production recorded in the rest camps at the end of the 
first four-year grazing cycle. 
Treatment 




























resulted in the termination of Tr.5 and Tr.6 during the 1981/82 season. 
Second phase (1982/83 - 1986/87) 
During the second phase of the experiment only three stocking 
rates were applied, viz. 0,83 cows + calves/ha (Tr.1), 1,0 cow + 
calf/ha (Tr. 2) and 1,25 cows + calves/ra (Tr.4). As in the first p,ase 
of the experiment, the 1,0 cow + calf /ha treatment was duplicated to 
compare urea and mineral licks (Table 24). 
Animal performance 
Mass changes - lactating cows 
The mass changes of the lactating mature cows during the five 
seasons are presented in Figures 22a, 22b, 22c, 22d and 22e 
respectively. The fitted means were derived from the quartic equations 
shown in Appendix 4. 
The mean (five seasons) maximum mass attained by the cows in Tr.1, 
Tr.2 and Tr.4 varied according to stocking rate and by ~roximately 10 
kg per treatment (Table 39). During the first 60 days of the 1984/85 
season and, in particular, the 1986/87 season, growth rates were lower 
(Figures 22a - 22e), than during the other three seasons. This poor cow 
performance can largely be attributed to environmental factors. The 
quality (CP) of the grass in all four treatments during December 1984 
and January 1985 was lower than the mean CP's recorded during November 
1984 and February 1985 (Figure 34c). Whilst CP analyses of the herbage 
samples ranged between 8% (Tr.2) and 10,5% (Tr.4), herbage yield 
samples indicated that the quantity of grass available was not as 
abundant as that observed in previous seasons. lre reduction in herbage 
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was largely a reflection of the poor rainfall recorded during November 
and December, 1984 (Table 26). 
In contrast, the performance of the cows during the 1986/87 season 
might have been affected by below average effective ambient 
temperatures resulting from the above average wind and rainfall 
recorded during December 1986. Whilst these data might illustrate the 
effect of climatic influences on animal performance, they were 
apparently of little economic consequence. Neither the length of the 
grazing season, nor the performance of the calves were significantly 
affected by these apparently adverse conditions. It is likely that a 
certain degree of compensatory growth followed these periods of mass 
loss, thereby resulting in reasonable animal performance when viewed 
over the entire season. 
After attaining maximum mass, the cows, irrespective of season or 
treatment, lost mass until the termination of the treabrent. Treabrents 
were terminated on the basis of body condition. Consequently at the 
cessation of grazing, cows were either at a mass similar to, or lower 
than, their mass at the start of the grazing season (Figures 22a _ 
22e). As the majority of the cows were six to seven months pregnant at 
the end of the grazing season, the actual oody mass losses IiEre greater 
than those indicated in Figures 22a - 22e. The cows were therefore 
under considerable stress by the end of the grazing season. 
Condition score changes - lactating cows 
The condition score changes for the lactating cows during the five 
seasons are shown in Figures 23a - 23e respecti vel y • The means were 
derived from the quartic equations presented in Appendix 5. 
The cows generally maintained condition for the first 170 _ 190 
days on veld. The condition scores then declined to a point where it 
was necessary to wean the calves (Fig..rres 23a - 23e). The rows in Tr. 4 
134 
Table .39. Mean maximum mass, days to m~ximum . mass, average daily gain (ADG) 
to maximum mass and the number of grazing days for mature lactating 
cows. 
Treatment 
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were obviously stressed as their condition scores declined from the 
start of the season (Figure 23a - 23e). The sharp decline in condition 
score in Tr. 1 and Tr. 2 was generally recorded 7 - 14 days after a 
de~line in mass (Figures 22a - 22e). The increase in cow mass recorded 
by the cows in all three treatments during the early part of the season 
was not associated with significant increases in condition score. 
The trends in condition score of the cows in all three treatments 
during the 1982/83 season were atypical, in comparison with the trends 
evident in the other four seasons. The condition scores of all the cows 
declined during the first 60 days of the 1982/83 season. This decline 
was then followed by a per iod of stable condition scores with the 
expected loss of body condition occurring tOUBrds the end of the season 
(Figure 23a). Loss in body condition at the beginning of the season was 
associated with small increases in body mass. These results appear to 
be contradictory and are di fficul t to explain. It is possible that, 
al though sufficient herbage was available to satisfy the animal's dry 
matter requirements, this herbage was of relatively poor quality. This 
theory is supported by the results of the crude protein analyses 
(Figure 34a) which indicate that the quality (CP) of the grass during 
November and December 1982 was 1,5 - 2% lower than the mean figures 
recorded during the same period in subsequent seasons. The lower CP 
figures were probably a consequence of the low rainfall recorded during 
November and December (Tal;lle 26). Whilst the animals could possibly 
satisfy their total dry matter intake requirements, they were not able 
to meet their nutrient requirements for lactation and were therefore 
forced to mobilize significant amounts of body fat as a1 energy source. 
The results indicate that the cows were placed under considerable 
pressure when weaning was based on a mean condition score of 2,0 for 
the dams. However, this was the intention as it provided the 
opportunity to select an optimum weaning time based on a full range of 
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Figure 23b. '!he mean corrliticn score dlanges for the lactating 
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performance data. 
Growth curves - first calvers 
The growth curves for the first calvers during the 1984/85, 
1985/86 and 1986/87 seasons are shown in Figures 24a 24c 
respectively. The fitted means were derived from the quartic equations 
presented in Appendix 6. Stocking rate had no significant effect m the 
gains to maximum mass for the cows in Tr.1 and Tr.2. The growth curves 
for the first calvers were similar to those of the mature cows in that 
the curves peaked in autumn, and declined rapidly thereafter. However, 
the first calvers attained maximum mass approximately 20 days (Tr.1) 
and 38 days (Tr.2) later than the mature cows in the corresponding 
treatments. Daily growth rates for the two classes of cows in the same 
t reatments were also similar (Tables 46 and 47). 
As was the case with the mature cows, the livemasses of the first 
calvers were lower at the end of the grazing season than at its start, 
in all three grazing treatments. This factor undoubtedly placed severe 
stress on the first calvers, particularly as they IlEre not yet fTBture. 
Condition score changes - first calvers 
The changes in condition score for the first calvers during the 
1984/85, 1985/86 and 1986/87 seasons are presented in Figures 25a, 25b 
and 25c respecti vel y. The means were derived fran the Q.,Jartic 8Q.Jations 
shown in Appendix 7. The trends in condition score of the first calvers 
were similar to those of the mature lactating cows in the correSlXlnding 
treatments. In both cases, the condition scores remained relatively 
constant for the first 180 days on veld and then declined sharply. The 
responses of the first calvers in Tr.4 varied according to season 
(Figures 25a - 25e). As was the case with the mature cows, the 





Table 40. Mean maximum mass, number of days to maximum mass, average daily 
gain (ADG) to maximum mass and the number of grazing days for 
first-calf heifers. 
Treatment Tr. 1 Tr. 2 Tr. 4 
Cows + calves/ha 0,83 1,0 1,25 
Maximum mass 
1984/85 (kg) 425,91 411,22 384,84 
1985/86 (kg) 423,59 448,29 419,02 
1986/87 (kg) 435,34 420,78 401,80 
428,28 ± 6,23 426,77 ± 19,25 401,89 ± 17 ~ 09 
No. of days to max. mass 
1984/85 174 171 153 
1985/86 160 155 144 
1986/87 173 150 ° 
169,0 ± 7,81 158,6 ± 10,97 99,0 ± 85,85 
ADG to max mass 
1984/85 (kg) 0,18 0,14 0,04 
1985/86 (kg) 0,21 0,24 0, 11 
1986/87 (kg) 0,09 0,09 ° 
0,16 ± 0,07 0,16 ± 0,08 0,05 ± 0,06 
No. grazing days 
1984/85 237 223 188 
1985/86 237 237 216 
1986/87 237 211 204 






r-.~ c-·~ ....... ( -,j c· .. j t.l) t-r ". 'i" "=:t ~ U-) u") 'D r1) rl) r- ("'-:. (-.J III ~:J-l If"'1 ,;.) ( .... j I~.D 1=:' + OJ CO In (" .. J ~'-j (-~ ~'-. I ~--- ~-- , , 
, ',j c'~ 
PEF:I()D 
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days after si gnificant decl ines In body mass were noted . Increases in 
body nESS were not associated with inc r eases in bo dy conditi on. It 
would appea r that these anima ls were depositing s ignificant amounts of 
body pro tein r ather than external body f at . 
In all three treatments , the fina l livemasses of the first calvers 
were lower than at the start of the grazing season. These animals were 
therefore under severe stress towards the end of the grazing season. 
The provision of an adequate high quality f eed during the winter period 
was therefore a prerequisite to maintaining the animal in a productive 
state. 
Mass changes - non-lactating cows 
Mass changes for the dry, pregnant cows during the 1984/85 and 
1985/86 seasons are presented in Figures 26a and 26b respectively. The 
fitted means were derived from the quartic equations shown in Appendix 
8. As expected, mass gains to maximum flBSS were hi91er for the dry cows 
than that attained by either the lactating cows or the lactating 
first-calf heifers. The mean mass gains of the dry cows in Tr.1, Tr.2 
and Tr.4 from the start of the season until peak mass was attained, 
were 103 kg, 87 kg and 63 kg respectively. In contrast, the lactating 
cows gained 49 kg, 38 kg and 20 kg respectively, over the corre5pJnding 
period (Table 39). The effect of stocking rate on both classes of cows 
is evident from Figures 22a - 22e; 26a end 26b. The data indicates that 
the lactating cows were apparent l y more s usceptible to changes in 
stocking rate than the dry cows. 
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Table 41. Mean maximum mass, days to maximum mass, average daily gain 
(ADG) to maximum mass and the number of grazing days for dry 
pregnant cows. 
Treatment Tr. 1 Tr. 2 Tr. 4 
Cows'+ calves/ha 0,83 1,0 1,25 
Maximum mass 
1982/83 (kg) 552,72 520,11 518,67 
1983/84 (kg) 554,56 552,10 477 ,06 
553,64 ± 1,31 536,11 ± 22,62 497,87 ± 29,43 
Da~s to max. mass 
1982/83 (kg) 186 164 179 
1983/84 (kg) 159 162 158 
172,50 ±19,10 163,00 ± 1,42 168,50 ± 14,85 
ADG to max mass 
1982/83 (kg) 0,62 0,60 0,38 
1983/84 (kg) 0,57 0,46 0,35 
0,60 ± 0,04 0,54 ± 0,10 0,37 ± 0,02 
No. of grazinq days 
1982/83 (kg) 236 193 179 
1983/84 (kg) 231 224 196 
233,50 ± 3,54 208,50 ± 21,92 187,50 ± 12,02 
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Condition score changes - non-lactating cows 
The condition score changes for the dry pregnant cows during the 
1982/83 and 1983/84 seasons are presented in Figures 27a and 27b 
re~pectively. The fitted means were derived from the quartic equations 
shown in Appendix 9. 
The loss in the body condition of the dry cows in Tr.2 and Tr.4 
during the first 60 days of the 1982/83 season was similar to the 
responses of the lactating cows in the corresponding treatments 
(Figures 23a and 23b). However, the lactating cows maintained body 
condition for the following 90 days, whereas the dry cows gained 
significant amounts of body condition during this period (Figures 27a 
and 27b). Oespi te losing body condition during the last few weeks of 
grazing, the animals were still in extremely good condition when each 
treatment was terminated. The grazing season could therefore have been 
extended particularly in Tr.1 and Tr.2. 
Length of the grazing season and condition score 
The length of the grazing season was determined by the condition 
scores of the cows of a particular class, within a specific treatment. 
The rumber of grazing days and the mean condition scores at weaning, 
for each treatment are shown in Table 42. These figures indicate that 
an increase in stocking rate was concomitant with a decrease in the 
length of the grazing season, and hence an increase in the length of 
the winter feeding period. Although stocking rate and the length of the 
grazing season were negatively correlated, the re~se was not linear. 
An increase in stocking rate from 0,83 cows + calves/ha to 1,0 cow + 
calf /ha (15%) decreased the number of grazing days by 7% whereas an 
increase in stocking rate from 1,0 cow + calf /ha to 1,25 cows + 
calves/ha (25%) reduced the length of the grazing season by 11 %. The 
potential length of the grazing season was highly dependent upon 
149 
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Figure 25a. '!he rrean oorrlition score dlanges for the first calvers 
during the 1984/85 seasoo. 
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Figure 25b. '!he rrean oorrlition score changes for the first calvers 
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Figure 25c. '!he rrean rorrlition score dlanges for the first calvers 
during the 1986/87 sea.soo . 
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during the 1982/83 seascn. 
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Figure 26b. '!he rrean rrass dlanges m veld for the dry pregnant CCMS 
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Figure 27a. '!be nean rorrlition score dlanges for the dry pregnant 
c::x:MS during the 1982/83 seasoo. 
<.0 {L. co 
t"l ~-) ~Jl 
N 
4 .6~----------------------------------------____________________ --, 
w 














[' .• j c-~ r ·,j 
.,-
~"J (,.j (" .. J 
("\ J 
I I I T I I 
~ .,- ~ .,.... ':;-' .  j ('.J 
() 0 
.,- ( '.J tr ·, ~-.. j 
T I I I I I I I I T 
t') F) tf) ~~ '1: ~ ~ l[] If·~ ~ '.1) . 
0;- r- 0 0 0 Cl C > 0 ,~ ( '\.J ~ (-.j t-J ~ ~"'J t') 
PERIOD 
Figure 27b. '!be nean rorrlition score dlanges for the dry pregnant 
aJWS durina t-hI:> 1 QR~ IRA """""' .... ,...,. 
I I 
co '.co r'-






season. The observed length of the grazing season in Tr.1 was 
remarkably constant (235,6 ± 2,61 days). The final condition scores, 
however, varied considerably (Figures 23a - 23e). The mean length of 
the; grazing season recorded for Tr.2 lIBS 217,6 ± 16,55 days and 196,6 ± 
14,28 days in Tr.4. If animals were weaned individually, or in groups 
with similar body conditions, as would be possible on a farm, the 
length of the grazing season in all these stocking rates, could be 
extended considerably. After attaining maximum condition score the 
lactating cows generally lost condition at the rate of 0,01 (mean) 
condi tion score points per day. This figure res been used in subseQ.,Jent 
analyses to predict the potential length of the grazing season. 
At weaning, the final condition scores of the first calvers were 
not consistently lower than those · of the mature cows in the 
corresponding treatments (Table 42). In fact, in five of the nine 
situations, the first calvers had higher lTEan condition scores at the 
end of the grazing season than the mature cows. These figures suggest 
that the first calver was able to compete successfully with the mature 
cow for grazing over a range of stocking rates. 
Growth curves 
Calves - born to mature cows 
Growth curves for· calves born to mature cows are presented in 
Figures 28a - 28e. The fitted lTEans were derived from the quartic 
equations presented in Appendix 10. The performance data of the calves 
born to the second calvers have not been included in the analyses, 
since they would bias the data of the calves born to the mature 
animals. 
Growth rates were linear for the first 150 - 180 days for all the 
treatlTEnts, thereafter the mass gains declined slightly before IlEaning. 
Table 42. The mean number of grazing days and final condition scores of cows under different stocKing rate conditions. 
rrreatment Treatment 1 Treatment 2 Treatment 4 
cows + calves/ha 0,83 1,0 1,25 
Season Grazing Lact. First Dry Grazing Lact. First Dry Grazing Lact. First Dry 
days cows calvers cows days cows calvers cows days cows calvers cows 
CS CS CS CS CS CS CS CS cs 
1982/83 236 2,18 3,71 196 2,01 3,61 179 2,18 3,48 
1983/84 231 1,89 3,68 224 1,84 3,36 196 2,01 3,14 
1984/85 237 2,30 2,42 223 2,18 2,02 188 2,47 2,09 
1985/86 237 2,48 2,25 237 1,97 2,26 216 1,97 1,98 
1986/87 237 1,85 1,88 211 1,93 2,08 204 2,08 1 ,99 
235,60 2,44 2,19 3,70 271,60 1,99 2,12 3,49 196,6 2,15 2,02 3,31 






Table 43. Mean maximum mass, days to maximum mass, average daily gain (ADG) 
to maximum mass and the number of grazing days ·for calves born to 
mature cows. 
Treatment Tr. 1 Tr. 2 Tr. 4 , 
Cows + calves/ha 0,83 1,0 1,25 
Maximum mass 
1982/83 (kg) 193,62 194,68 183.89 
1983/84 (kg) 221,41 202,32 202,21 
1984/85 (kg) 210,31 220,68 187,45 
1985/86 (kg) 218,84 213,28 187,80 
1986/87 (kg) 208,34 203,63 185,92 
210,50 ± 10,93 206,92 ± 10,14 189,45 ± 7,29 
Da~s to max. mass 
1982/83 (kg) 205 193 179 
1983/84 (kg) 190 192 185 
1984/85 (kg) 197 195 178 
1985/86 (kg) 200 197 184 
1986/87 (kg) 204 202 194 
199,20 ± 6,06 195,80 ± 3,96 183,60 ± 5,59 
ADG to max. mass 
1982/83 (kg) 0,67 0,66 0,66 
1983/84 (kg) 0,75 0,68 0,66 
1984/85 (kg) 0,68 0,71 0,6} . 
1985/86 (kg) 0,72 0,70 0,63 
1986/87 (kg) 0,70' 0,71 0,66 
0,70 ± 0,04 0,69 ± 0,02 0,65: ± 0,02 
No. of grazing da~s 
1982/83 236 193 179 
1983/84 231 224 196 
1984/85 237 223 188 
1985/86 237 237 216 
1986/87 237 211 204 
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The rumber of days required to achieve maximum mass was consistent 
between seasons for any particular treatment (Table 43). The difference 
between Tr. 1 and Tr. 2, in terms of the number of days required to 
achieve maximum mass, was relatively small (199,20 ± 6,06 vs. 195,80 ± 
3,96). The calves in Tr.4 attained a mean naxirrun nass of 189,45 ± 7,29 
kg after 183,6 ± 5,59 days. The difference in the mean AOG's between 
the calves in Tr.2 and Tr.4 increased towards the end of the 
experimental period (1984/85 onwards) • It is possible that the 
productivity of the herbage, and therefore the amount of grass 
available, was beginning to decline. This would support visual 
observations at the time. 
The mean condition scores (1982/83 - 1986/87) of the dans in Tr.1, 
Tr.2 and Tr.4, when their calves achieved maximum mass was 2,78, 2,40 
and 2,36 respectively. Had the calves been \iE8ned at peak nass, cn:::l the 
cows maintained in their respective treatments on veld, the grazing 
season could have been extended beyond the periods indicated in Table 
43. These data suggest that the optimum weaning time for a stocking 
rate of one cow plus calf/ha would be attained after approximately 200 
days of grazing when the mean condition score of the cows was in the 
region of 2,3 - 2,4. 
Calves - born to first calvers 
Growth curves for the calves born to the first calvers are 
presented in Figures 29a, 29b and 29c respectively. The fitted means 
were derived from the quartic equations presented in ~ix 11. It is 
significant that the mean maximum masses were, on average, similar 
irrespective of whether they were born to the first calvers (Table 44), 
or to the corresponding mature cows (Table 43). In fact, in two of the 
three treatments the peak masses of the first calvers' calves were 
slightly (NS) higher than those of the mature cows' calves. However, 
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Table 4~ Mean maximum mass, number of days to maximum mass, average daily 
gain (ADS) to maximum mass and the number of grazing days for 
calves born to first-calf heifers. 
Treatment Tr. 1 Tr. 2 Tr. 4 
Cows + calves/ha 0,83 1,0 1,25 
Maximum mass 
1984/85 (kg) 200,35 203,47 178,93 
1985/86 (kg) 219,40 234,16 214,19 
1986/87 (kg) 212,24 212,49 189,08 
210,67 ± 9,63 216,71 ± 15,78 191,74 ± 19,52 
N~ of da~s to max mass 
1984/85 197 191 180 
1985/86 193 191 175 
1986/87 203 199 18,9 
197,67 ± 5,04 193,67 ± 4,62 181 , 34 ± 7, 1 ° 
ADG to max. mass 
1984/85 (kg) 0,61 0,62 0,55 
1985/86 (kg) 0,67 0,73 0,66 
1986/87 (kg) 0,63 0,65 0,54 
0,63 ± 0,03 0,67 ± 0,06 0,58 ± 0,07 
No. of grazing da~s 
1984/85 237 223 188 
1985/86 237 237 216 
1986/87 237 211 204 
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the first cal vers' calves were born three to four weeks earlier, on 
average, than those of the mature cows. This explains why the mature 
cows' calves had ADG's 10,8% (Tr.1), 3,4% (Tr.2) and 11,1% (Tr.4) 
hi~her than the calves born to the first-calf heifers, despite the 
similarity between the nEan maximum masses of both groups of calves. 
This highlights the value of calving early in the season for first 
calvers. The reason for the sustained high level of production is 
probably due to two factors. Firstly, the heifers calved chin at a tinE 
when good quality food was freely available, which enabled the cnimals' 
early lactational nutrient requirements to be met. Consequently, 
relatively high levels of milk production could be established which 
promoted calf growth. Adequate nutrition immediately post-partum also 
enabled the younger cows to maintain body condi tion thereby 
facilitating early cycling and successful conception. Secondly, by the 
time the grazing season corrrnenced, the calves were approximately one 
month older than the calves suckled by the mature cows and therefore 
able to utilize the available herbage to a greater extent. 
~ineral vs. urea/mineral lick supplementation 
Lactating mature cows 
The mass changes of the lactating mature cows in T r .2 (1,0 cow + 
calf/ha - mineral lick) and Tr.3 (1,0 cow + calf/ha - urea lick) dJring 
phase 2 are presented in Figures 30a - 30e respectively. These figures 
indicate that the performance of the cows provided with a urea-based 
lick dJring the first 100 days on veld was not significantly better 
than that of the cows that received a mineral lick during the 
corresponding period. Whilst the cows in Tr.3 generally recorded 
slightly higher (NS) ADG's during the period of supplementation, the 
di fference between the mean ADG' s over the whole grazing season was 
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Table 45. Mean maximum mass (kg) average daily gains (ADGls - kg/day), 
number of grazing days and final condition scores for lactating 
mature cows receiving either a mineral (M) or urea (U) lick. 
Treatment Tr. 2 Tr. 3 
Cows + calves/ha 1,0 1,0 
Supplement M U 
r~aximum mass 
1982/83 448,81 454,70 
1983/84 490,73 487,20 
1984/85 500,21 489,00 
1985/86 489,96 473,65 
1986/87 476,39 506,50 
481,22 ± 20,0 482,21 ± 19,30 
ADG Day 0-100 
1982/83 0,16 0,16. 
1983/84 0,37 0,53 
1984/85 -0,01 0,06 
1985/86 0,33 0,34 
1986/87 -0, 13. -0,12 
0,14 ± 0,21 0,19 ± 0,25 
ADG Initial - final mass 
1982/83 0,04 0,02 
1983/84 -0,07 0,01 
1984/85 -0,21 -0,11 
1985/86 -0,15 -0,06 
1986/87 -0,17 -0,21 
-0,09 ± 0,10 -0,07 ± 0,09 
Final condition score 
1982/83 2,01 2,13 
1983/84 1,84 1,99 
1984/85 2,18 2,24 
1985/86 1,97 2,34 
1986/87 1,93 2,33 
1,98 ± 0,12 2,20 ± 0,14 
No. of grazing da~s 
1982/83 193 193 
1983/84 224 224 
1984/85 223 223 
1985/86 237 237 
1986/87 211 211 
217,60 ± 16,54 217,60 + 16,54 
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small and not statistically significant (Table 45). The cows in Tr.3 
had 11,12% higher condition scores at the end of the grazing season 
than the cows in Tr.2. The difference in condition represents an 
addi tional 22 days of grazing for the cows with a::cess to the urea lick 
from the start of the grazing season (Table 45). 
First-calf heifers 
The growth curves of the first calvers during the 1984/85, 1985/86 
and 1986/87 seasons are shown in Figures 31a, 31b and 31c respectively. 
As was the case with the mature cows, there was no significant 
improvement in growth rates, during either the supplementation period 
or the entire season, between those first calvers provided with a urea 
lick and those that had access to a mineral lick (Table 45). 
The first calvers in Tr.3 were not in better condition at weaning 
. than the first calvers in Tr.2. In this case the cost of the lick 
outweighed the saving in winter feed. The first calvers therefore did 
not benefit from the urea-based lick to the same extent as the mature 
cows. 
Calves - born to mature cows 
The growth curves of these calves during the second phase of the 
experiment are shown in Figures 32a - 32e respectively. With the 
exception of the 1983/84 season, the difference in performance (Table 
47) between the two groups of calves was snall (NS). This result is not 
surprising as it is unlikely that the calves in Tr.3 would benefit 
directly from the urea lick. The consumption of lick during the early 
part of the grazing season would be very low as the calves would be 
largely reliant on their dams for their nutrient requirements. 
Although the calves in Tr.3 showed slightly higher (NS) ADG's to 
maximum mass, both during the supplementation period, and over the 
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Table 46, Mean maximum mass (kg), average daily gains (ADG's - kg/day), 
number of grazing days and final condition score for lacting first 
calf heifers receiving either a mineral (M) or urea (U) lick. 
Treatment 
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whole season, than their counterparts in Tr.2, their weaning masses 
were not significantly higher. Whereas the benefit of a urea lick to 
the mature cows was evident from the lengthening of the grazing season, 
this did not apply to their offspring. Ideally, calves would be weaned 
at their peak mass. 
Calves - born to first calvers 
The growth curves for the calves born to the first calvers during 
the 1984/85, 1985/86 and 1986/87 seasons are presented in Figures 33a, 
33b and 33c respectively. A comparison of the maximum masses attained 
by the calves in Treatments 2 and 3 (Table 48) indicates that no 
benefits were derived from the urea lick, either during the period of 
supplementation, or over the entire grazing period (Table 48). The 
performance of these calves largely reflects that of their dams, as 
the first calvers showed only minor responses to the urea lick. 
Reproductive performance 
The reproductive performances of the mature cows and the first 
calvers are presented in Table 49. Only two years data are presented. 
The various disease problems experienced rendered much of the earlier 
data unreliable, consequently only two years data are presented. Whilst 
no definite conclusions can be drawn, the trems in cow performarce are 
however, of considerable interest. 
As expected, the mature cows were significantly heavier (P<O,01) 
than the first calvers at parturition, but the first calvers were in 
similar or better (NS) condition at calving than the mature cows. Body 
condi tion did rot reflect the summer grazing treatments as all cows 
were fed according to their particular nutritional requirements during 
the winter feeding period. This resulted in all the cows having a 
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Table 47. Mean maximum mass (kg), average daily gains (ADG's - kg/day) and 
the number of grazing days for calves (born to mature cows) having 
access to either a mineral (M) or ureal (U) lick. 
Treatment Tr. 2 Tr. 3 
Cows + calves/ha 1,0 1,0 
Supplement M U 
Maxi'mum mass 
1982/83 194,68 194,53 
1983/84 202,32 220,75 
1984/85 220,68 210,47 
1985/86 213,28 209,27 
1986/87 203,63 201,87 
206,9 ± 10,4 207,37 ± 9,84 
ADG to max. mass 
1982/83 0,66 0,68 
1983/84 0,68 0,74 
1984/85 0,71 0,67 
1985/86 0,70 0,70, 
1986/87 0,71 0,68 
0,69 ± 0,07 0,69 ± 0,02 
ADG Da~ ° - 100 
1982/83 0,73 0,73 
1983/84 0,81 0,86 
1984/85 0,71 0,70 
1985/86 0,88 0,91 
1986/87 0,85 0,81 
0,79 ± 0,07 0,80 ± 0,08 
ADG Initial - final mass 
1982/83 0,66 0,68 
1983/84 0,53 0,59 
1984/85 0,56 0,57 
1985/86 0,52 0,52 
1986/87 0,68 0,65 
0,59 ± 0,07 0,59 ± 0,06 
No. of grazing da~s 
1982/83 193 193 
1983/84 224 224 
1984/85 223 223 
1985/86 237 237 
1986/87 211 211 
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Table 48. Mean maximum mass (kg), average daily gains (ADG's - kg/day) and 
the number of grazing days for calves (born to first calvers) 
having acccess to either a mineral (M) or urea (U) lick. 
Treatment Tr. 2 Tr. 3 
Cows + calves/ha 1,0 1,0 
Supplement M U 
Maximum mass 
1984/85 203,47 200,84 
1985/86 234,16 222,07 
1986/87 212,49 204,56 
216,70 ± 15,77 209,15 ± 11,33 
ADG to max. mass 
1984/85 0,62, 0,62 
1985/86 0,73 0,70 
1986/87 0,65 . 0,65 
0,67 ± 0,05 0,66 ± 0,04 
ADG Day 0-100 
1984/85 0,64 0,64 . 
1985/86 . 0,91 0,92. 
1986/87 0,81 0,78. 
0,79 ± 0,13 0,78 ± 0,13 
ADG Initial - final mass 
1984/85 0,47 0,51 
1985/86 0,51 0,50 
1986/87 0,61 0,58 .. 
0,53 ± 0,07 0,53 ± 0,04 
No. of grazing days 
1984/85 223 223 
1985/86 237 237 
1986/87 211 211 
223,66 ± 13,01 223,66 ± 13,01 
178 
70 
('.:D [-.. j t'-~ rr-:  ~ o::t: 7 It) u) 
(j) 
(, .. j r , j '""" r- c-·~ 0) ..- lfj 01 If") (j) C-j {O '=1 ..,f- eCI co ( .. _j r'') C-'J ..-r--- r--- (",j 
( '.j C'.j 
PEF~IOD 
Figure 33a. M3.ss d1aIlges of calves tnrn to first calvers with access 
to either a mineral (Tr.2) or urea ('I'r.3) lick 
- 1984/85 season. 
Treotment 2 
Tre(ltrnent .3 
2E~. 0 ~i--==--:'-=-=--=-====================~-+- T re<Jtme nt 2 
-e- Tre(ltment .3 
2·3·0 
gO 
r',J c',j ..,..... c'i [',j tr ) t·-~ 't: o::t: l!-~ ll) (!J r.(,l r--- r--: 
(,7J t·-·, (D Co CD Cl t·r ) r--- U-J £]" (-.J ({) t·f ) (~ 
l[) (0 C-'~ (=1 (-.J ~~,j (-'1 N ,- "1 ,-(,.j ( ',j 
PERIOD 
Figure 33b. M:ws dlanges of calves mrn to first calvers with access 
to either a mineral ('Pr _ ? \ r.r 11ro:> I rp,.... ") \ , ~ _L 
, 
r c, -17D ~ 
.:-;.:: i 
.,f 0: ' 
i:-.  J C-.J 
t·r ) 
(-.. J .;=) 
r', 
179 
("\j r ·.j r·") 
r--- 0:= :' + (=~ 
{>~ ("-.. J 
F)EF<IOD 
r-r--, 
~ ~ u"', If ) .... £1 
.,f- o:! .:-.. J lei L-;' V) 
(-.. J ';:-'.J 
Figure 33c. 11:tss manges of calves rom to first calvers with access 
to ei ther a nU..71c::-al ('I'r. 2) or urea (Tr. 3) lick 
- 1986/87 season. 
Tre 'Jtment 2 
180 
similar body condition at the onset of grazing (Figures 23a - 23e; 25a 
_ 25c). It is therefore unlikely that the summer grazing strategy II.Ol.lld 
have affected reconception rates significantly. The data in Table 49 
vqlidate this supposition. There was no significant correlatim bet\iE8fl 
stocking rate and pregnancy rates in either the mature cows or the 
first calvers. Furthermore, stocking rate did not seem to affect the 
time of conception (Table 49). The cows in Tr.4, despite being under 
pressure from the start of the grazing period, conceived relatively 
early in both seasons. During the 1985/86 season, the mature cows in 
Tr.1 and the mature cows and first calvers in Tr.2 conceived later in 
the season relative to the cows in the other treabrEnts. The reasm for 
this remains obscure but was not due to a "bull effect" as the bulls 
were rotated between treatments. The large standard errors recorded 
during both seasons indicates the high degree of variation within the 
data (Table 49). 
Stocking rate did not affect the birth masses of the calves 
significantly (Table 49). 8irth mass, expressed as a percentage of cow 
mass within 24 hours of parturition, was 7,65 ± 0,50% for the first 
calvers and 7,02 ± 0,53% (P<0,05) for the mature cows. During the 
1984/85 season, the mature cows generally produced significantly 
heavier calves than the first calvers. This trend was not repeated 
during the 1985/86 season. 
Approximately 10% and 30% of the first calvers which had been 
diagnosed pregnant during the 1984/85 and 1985/86 seasms re~tively, 
failed to produce a calf. It is assuned that they either aborted or 
reabsorbed their foetuses. These figures appear high, but the pre~y 
diagnoses were carried out by experienced veterinarians. Although all 
the cows (and the first calvers in particular) were under considerable 
pressure at the high stocking rate, the high foetal mortality carrot be 
ascribed conclusively to the grazing regime. 
Table 49. Reproductive performance of mature calais and first calvers during the 1984/85 and 1985/86 
Treatment 
Stocking rate 
Class of COIaI 
Season 1984/85 
Cow mass at calving 
CS at calving 
Calf birth mass 






Calved within 1st 20 days (%) 
Season 1985/86 
Cow mass at calving 
CS at calving 
Calf birth mass 





Calved within 1st 20 days (%) 
Tr. 1 
0,83 COlIS + calves/ha 
I'Iature 1st Calver 
* .- - ------------. 
454,73 426,75 
2,83 :t. 0,49 3,07 :t. 0,27 
* 
I • 31,33:t. 3,29 32,89 :t. 4,89 






2,65 :t. 0,52 2,75 :t. 0,38 
31,54 :t. 4,81 31,21 :t. 3,09 





1,0 COIaI + calf/ha 
I'Iature 1st Calver 
** r-- -- 1 
486,41 402,27 
3,06 :t. 0,43 2,82 :t. 0,25 
*** , I 
31,00:t. 4,39 28,18 :t. 4,92 







2,64 :t. 0,45 2,71 :t. 0,43 
34,45 :t. 5,57 34,36 :t. 4,72 




* Days after day 1 of calving season. * P < 0,05 ** J;' < 0,01 *** P < 0,001 
Tr. 3 Tr. 4 
1 ,0 COlal + calf /ha 1,25 COIaI + calf/ha 
I'Iature 1st Calver I'Iature 1st Calver 




2,86 :t. 0,53 3,07 :t. 0,19 3,11 7.. 0,21 3,07 :t. 0,19 
*** * , I i i 
34,57 :t. 6,73 30,29 + 3,14 31,71 + 4,21 30,57 :t. 3,99 
24,00 :t. 9,69 25,29 :t. 7,27 18,62 :t. 5,16 24,57 :t. 6,63 
89,5 63,6 75,0 80,0 
89,5 63,6 75,0 70,0 
37,5 0 69,23 42,86 
* ** 
i • , 400',00 445,45 423,43 455,45 
2,82 :t. 0,75 2,82 :t. 0,25 2,59 :t. 0,44 2,38 :t. 0,48 
33,28 :t. 5,31 34,43 :t. 5,63 31,45:t. 7,33 32,00 :t. 5,03 
29,55 :t.16,05 21,29:t. 7,39 24,64 :t. 7,65 22,83 :t. 13,29 
84,6 88,2 84,6 100,0 
84,6 82,4 76,9 70,6 
36,36 50,0 36,36 33,33 
I§ 
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The provision of a urea-based lick during the early part of the 
grazing season did not improve reconception rates significantly, but it 
is evident that the cows in Tr.3 conceived, rn average, 14 days earlier 
than the cows in Tr.2. 
Herbage quality and availability 
Crude protein 
The quality of the natural grazing, as measured by crude protein 
analyses, for the 1982/83,1983/84,1984/85 and 1986/87 seasons, is 
shown diagrammatically in Figures 34a - 34d respectively. 
Higher CP values were recorded more frequently in the camps 
allocated to Tr.2 and Tr.4 than in the Tr.1 and Tr.3 camps. The lowest 
CP values during all the seasons were consistently recorded in Tr.1. 
This could have resulted from the build-up of material often associated 
with low stocking rates. The relatively high CP values recorded in Tr.4 
is probably because of the association between regrowth material and a 
high stocking rate. The difference in CP values between Tr.2 and Tr.3 
cannot be ascribed to the effects of stocking rate since the stocking 
rate was theoretically identical for the two treatments. Althoujl these 
two sets of camps adjoined one another, the aspect varied slicjltly, and 
this was possibly sufficient to affect herbage quality. 
There was considerable inter-seasonal variatirn in veld quality. A 
large proportion of this variation can be ascribed to poor rainfall 
during October, November and December. The relatively poor quality of 
the grass in November and December 1982 and December and January 
1984/85 coincided with poor rainfall during November and December in 
each of those seasons (Table 26). Sufficient rainfall, at critical 
times, is apparently a vital factor in influencing veld quality in the 
Highland Sourveld. 
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Figure 34b. Seasonal changes in the crude protein content of 
the veld during the 1983/84 season. 
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Figure 34c. Seasonal cha.n:Jes in the crude protein content of 
the veld during the 1984/85 season. 
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Herbage yield samples were collected from the beginning of the 
1982 season. During the 1982/83, 1983/84 and 1984/85 seasons the 
samples were harvested with a mower which, because of the height of the 
cut, did not provide a representative sample of the grass available to 
the animal. Unfortunately, the relationship between the cut sample and 
the probable amount of grass available was extremely variable and 
regressions could not be calculated. These data were therefore 
considered unreliable and have not been included for discussion. 
The results from the herbage yield analyses for the 1985/86 and 
1986/87 seasons are presented diagrammatically in Figures 35a and 35b 
respectively. A significant feature of these results is the increase in 
herbage production from the camps allocated to Tr. 1. These results 
veri fy visual observations which indicated that the grass in Tr. 1 was 
becoming increasingly rank with progressing seasons. The increase in 
production was associated with a decrease in crude protein in these 
camps (Figures 34b, 34c and 34d). Clearly, the veld management 
programme of the camps stocked at the light stocking rate (0,83 cows + 
calves/ha) should be modified if a high production level of good 
quality were to be maintained. It is evident from Figures 35a and 35b 
that the amount of herbage available at the end of the 1985/86 and the 
beginning of the 1986/87 season was similar in Tr. 1, but higher in 
Tr.2, Tr.3 and Tr.4. Herbage yield within Tr.2, Tr.3 and Tr.4 during 
February, March and April of the 1985/86 season, remained relatively 
constant. This suggests that herbage growth was equivalent to the 
animals' intake. During the 1986/87 season, herbage production in Tr.3 
and Tr.4 remained relatively constant, but production in Tr.1 and Tr.2 
showed a typical seasonal curve with an increase in herbage yield L.p to 
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Figure 35a. Herbage yield of the veld during the 1985/86 season. 
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consistently recorded higher herbage yields than Tr.3. These trends 
were more pronounced during 1986/87 season. 
Veld composition 
A sUllmary of the 1984 assessment, together with those of the 1978, 
1980 and 1982 seasons, are presented in Table 50. The differences in 
cafTlJ size and the differences in the veld composition score (VCS) at 
the start of the experiment make the interpretation of the botanical 
data difficult. However, certain trends are evident. After an initial 
decline in the percentage of Decreasers species in Tr.1, Tr.2 ard Tr.4, 
these species have generally stabilized, although they remain well 
below the benchmark. Al though the proportion of Increaser I species 
together with the stable Decreaser species in Tr. 1 appear to have 
stabilized, the 28% increase in Increaser II's indicates 
overutilization in the camps monitored. In Tr.2, the trend during the 
last two seasons has indicated a continuing increase in Increaser II's 
which signifies over-utilization of the veld during the last three to 
four seasons. This would suggest that with progressing seasons, the 
camps allocated to Tr.2 were increasingly stressed and overutilized. 
A definite downward trend in VCS is apparent in Tr.3. The 
provision of a urea-based lick may have stimulated a greater 
utilization of available herbage, accounting for the continuing 
decrease in Decreaser and Increaser I species and the increase of 
Increaser II's. However, a more likely reasm for the differerce in the 
decline in VCS between Tr.2 and Tr.3 is due to the difference in the 
size of the camps in which the VCS was monitored in these two 
treatments. In Tr.3 the camps monitored varied betUEen 2,21 ha cn:::l 3,35 
ha (mean 2,7 ± 0,63 ha), whilst in Tr.2 the size of the carrps mmitored 
varied between 1,88 ha and 5,03 ha (mean 3,31 ± 1,60 ha), indicating 
that the stocking pressure was far higher in the camps monitored in 
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Table 50. Veld composition score (VeS) and variation in species for 






cows + calves 1982 
per hectare 1984 
2 1978 
1,0 1980 
cows + calves 1982 
per hectare 1984 
3 1978 
1 ,0 1980 
cows + calves 1982 
per hectare 1984 
+ urea lick 
4 1978 
1,25 1980 
cows + calves 1982 
per hectare 1984 
* As defined by Tainton, 
% contribution of each species category 
to veld composition 
Dec.* Inc. 1* Inc. 11* Inc. 111* 
53 28 12 7 
27 37 18 18 
12 48 18 22 
14 46 23 17 
16 47 23 15 
27 42 12 18 
19 45 13 22 
21 38 20 21 
19 36 25 20 
16 28 47 8 
16 34 38 12 
17 23 53 7 
12 23 60 5 
29 40 15 15 ...  
18 44 27 10 
23 38 29 10 , 






















Tr.3 than in Tr.2. 
The 21 % decrease in Decreaser species and the 93% increase in 
Increaser II's in Tr. 4 indicates severe overutilization of the veld. 
The decline in VCS was associated with a decline in the vigour of the 
veld as well as an increase in soil erosion in Tr.4 as a lih:Jle. All the 
treatments showed a tendency towards overutilization; the higher the 
stocking rate, the higher the rate of change. 
DISCUSSION 
The basic philosophy underlying this experiment was that the rate 
at which a pasture (either natural or cultivated) is stocked is 
possibly the most important single factor in grazing management 
affecting animal performance (Edwards, 1981). Unfortunately, research 
in South Africa into the management of the natural vegetation has 
concentrated on managerial procedures rather than stocking rates 
(Tainton, 1985). Consequently, optimum stocking rates for different 
vegetation types have not been clearly identified. Such a situation 
existed in the Highland Sour veld at the initiation of this experiment. 
One of the main objectives of this study was therefore to identify the 
range of stocking rates that would sustain high levels of animal and 
veld production. The stocking rates initially selected for the 
experiment were based on previous experience. The range of stocking 
rates selected included very high stocking rates in an attempt to 
quantify the effects of these excessively high stocking rates on animal 
performance and the composition of the veld. Whilst the Agriquest 
(1980) survey has subsequently indicated that very few farmers stock at 
such high stocking rates, the impact on the veld has been of 
considerable interest to farmers, study groups and visiting 
190 
researchers. 
The effect of stocking rate on animal production can be expressed 
in terms of production per individual animal, production per unit area 
of land, or gross margin per unit area of land. In the first situatirn, 
research evidence indicates that livemass changes relatively little at 
"li ght" stocking rates. However, as the stocking rate ircreases throug, 
"moderate" to "heavy" the yield per animal declines in a linear fashirn 
( Jones & Sand land , 1974; Malechek, 1984). Animal production per unit 
area of land follows a quadratic function. Production per hectare 
increases with an increase in stocking rate to a maximum at a stage 
beyond that at which maximum production per head occurs and then 
declines (Ganmon, 1983). Production is maximized at a stocking rate 
about half of that which is able to maintain animal mass (Tainton, 
1985). The most economic stocking rates are usually lower than those 
which provide for maximun production off a unit area of land (Dari<UErts 
& King, 1984). 
Maximum gross margins, or profits, should be the criteria for 
evaluation of the success of the enterprise. In practice however, the 
class of animal often plays an important role in determining which 
approach should be adopted. In the case of young growing animals which 
are marketed either directly off grass or following a S"-ort "finishing" 
period after being removed from grass, the emphasis is usually towards 
maximizing proci.Jction per unit area of land. However, in the case of 
the cow/calf enterprise and in particular where expensive winter feed 
is necessary, maximising production per unit area of land would not be 
desirable economically. Such an approach would be to the detriment of 
the cow with the result that the cost of maintaining her in good 
breeding condition would be higher than the returns generated from the 
sale of the weaners. 
The collection of detailed and accurate climatic data IJ.a5 of prime 
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importance in this study as it has been shown that the environment may 
affect animal performance significantly in the Highland Sourveld (van 
Niekerk, 1984, 1986). In only two of the nine seasons during which the 
experiment was conducted, did the mean annual rainfall exceed the . 
long-term (29 years) mean. The inter-seasonal rainfall figures varied 
considerably (Table 26). The mean annual rainfall varied bebeen 7rJfo of 
the long-term mean in 1982 to 110% of the long-term mean in 1978. Mean 
annual rainfall over the nine seasons was 927 rml which was 85,22% of 
the long-term mean. 8etween 65,5% (1982/83) and 82,65% (1980/81) of the 
mean annual rainfall fell between November. and March which are 
considered to be the important growing months. Poor rainfall during 
November and December may lead to a significant decrease in the crude 
protein (CP) of the veld early in the season (Figure 34a). 
The mean maximum and mean minimum temperatures varied little 
between seasons. The mean maximum temperature (nine seasons) was 21,46 
± 0,53°C and the mean minimum temperature was 6,06 ± 0,37°C. This was 
100% and 90% of the long-term (13 years) mean respectively. The windnn 
over a 24 hour period was of particular significance because of the 
wind-chill factor in the region. The mean windrun over a 24 hour period 
was 148,57 ± 8,36 km which was 101,14% of the long-term (11 years) 
average. 
Surprisingly, season did not affect the performance of the 
lactating cows between the ini tiation of grazing and weaning 
significantly (Table 29). Season accounted for only 1% of the total 
variation in cow mass gain. Season did, however, have a highly 
significant (P<0,001) effect en calf performance a:COU1ting for 3,6% of 
the total variation in calf gain between the initiation of grazing and 
weaning. These results are supported by the metabolic mass gains on a 
per hectare basis (Figures 10a - 10d). Relatively small between-season 
variations in the metabolic mass changes of cows lIEre recorded, rut the 
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change in rretabolic rrass between seasons for the calves varied by 
between 25 and 30%, depending on stocking rate. The 3,6% variation in 
calf gain that could be accounted for by season was lower than other 
reported figures. 8rown (1960) noted that year effects were responsible 
for approximately seven percent of the variation in weaning masses 
whilst Louw (1984) ascribed approximately 10% of the variation in calf 
gain between the initiation of grazing and weaning, to seasm. HCX!.Ever, 
in the same study, Louw (1984) found that less than 1,5% of the 
variation in cow gain could be ascribed to season, which is similar to 
the result obtained in this study. 
Stocking rate was by far the roost significant factor affecting cow 
and calf performance. Stocking rate accounted for 45,5% (Table 29) of 
the total variation in cow gain between the onset of grazing and 
weaning. It is difficult to establish whether these trends are 
consistent for all veld types (Acocks, 1953). Whilst a considerable 
aroount of research involving cows and calves on natural pastures has 
been done in South Africa (Carstens, 1970; Eloff, 1971; Lu::leTam, 1971; 
Cilliers, 1986; Marincowitz, 1986), the impact on the veld has largely 
been ignored. The complexity of the various veld situations suggests 
that comparisons of results should ideally be rrade within the sarre veld 
type, but at least within the same bioclimatic regions. 
Relatively sophisticated veld and animal management procedures 
have been employed in this study. It is probable therefore, that the 
cow and calf performance data recorded represents the p:Jtential for the 
Highland Sourveld. Hence the emphasis has been on factors related to 
maximum mass. 
The results from this study have shown conclusively that the cows 
(of all classes) stocked at the lighter stocking rates (Tr.1 and Tr.2) 
achieved higher maximum masses than the cows stocked at the higher 
stocking rates (Tr.4 and Tr.S). Consequently the cows at the lighter 
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stocking rates were able to mobilize rrore body reserves in the latter 
part of the grazing season and therefore recorded longer grazing 
periods than the cows stocked at the high stocking rates. 
Stocking rate effectively regulates the amount of herbage 
available to the animal. Since animal performance is dependent upon 
feed intake, the factors affecting feed intake are clearly important. 
Whilst there is a wealth of information on the intakes of penned 
animals, this is not the case with the grazing animal, mainly because 
of the complexity of the grazing situation (Cordova, Wallace & Pieper, 
1978) • 
This study has shown a significant decrease in the amount of 
herbage available with increasing stocking rate (Figures 35a and 35b). 
This result is in -general agreement with local research under both 
natural pasture conditions (Fourie, Opperman & Roberts, 1985; Fourie, 
Engels & Roberts, 1986) and cultivated pastures (Louw, 1984). 
An interesting observation from the cow and calf performance data 
in this experiment was that the cows were influenced by stocking rate 
to a far greater extent than their calves. Stocking rate accounted for 
45,5% of the total variation in cow gain but only 39,2% (P<0,001) of 
the variation in calf gain. Whilst there were significant differences 
(P<0,01) in livemass gain between the calves stocked at the high (Tr.4 
and Tr.5) and low (Tr.1 and Tr.2) stocking rates (Tables 41, 59 and 
61), it is likely that the milk intake buffered the effects of low 
herbage intake. Similar responses have been detected under intensive 
pasture conditions (8aker, Alvarez & Le Du, 1981; Louw, 1984). 
Conse~ently the lactating cows were under considerably rrore stress 
than the dry cows in the corresponding treatments. This aspect is 
further demonstrated by the fact that the cows in Tr.1, Tr.2, Tr.4 and 
Tr.5 recorded mean (4 years, Tr.5 - two years) A(l;'s to rraxirrun rrass of 
0,323,0,214,0,151 and 0,043 kg/head/day in contrast to the growth 
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rates of 0,581, 0469, 0,395 and 0,255 kg/day recorded by the dry cows 
for the corresponding periods and treatments. These figures represent a 
79, 9%, 11 9,2%, 161,6% and 493,0% mass gain advantage by the dry cows 
over the lactating cows in Tr.1, Tr.2, Tr.4 and Tr.5 respectively. 
Similarly, the dry cows were in considerably better condition than 
their lactating counterparts at the end of the grazing season. Whilst 
stocking rate affected the degree of condition score loss in both 
classes of animal, the response by both classes was similar. The dry 
cows in Tr.1, Tr.2, Tr.4 and Tr.5 had 153,4%,161,7%,160,1% ard 168,4% 
higher condition scores at the end of the grazing season than the 
lactating cows. These results are supported by the literature. 
According to Neville & McCullough (1969) the metabolizable energy (ME) 
requirements for maintenance and gain were 31 % and 29% higher for 
lactating than dry Hereford cows respectively. In a subsequent study, 
Neville (1974) indicated that the lTBintenance requirements for 
lactating cows were 41% higher than those for dry cows. The NRC (1971) 
suggests coefficients of 77 kcal/kg net energy (NE) for maintenance of 
dry cows and 85 kcal/kg NE for maintenance of lactating cows. 
A particularly significant trend that emerged from this experirrent 
was the ability of the lactating first-calf heifer to produce and 
reproduce at a high level under the prevailing conditions. A number of 
studies have shown that weaning masses increase as the age of the dam 
increases. Maximum weaning mass has been achieved when cows were 
between six and nine years of age (Cundiff et al., 1966; Anderson & 
Willham, 1978; Ne lsen & Kress, 1981). However , Jamison et ale (1965) 
and Smith & Fitzhugh (1968) have emphasized that age is of particular 
importance within the first four years. It is likely that the general 
recommendation that first-calf heifers should receive preferential 
grazing and management in order to ensure a long, productive life, has 
emanated from such research. The trends in animal perforrrance resulting 
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from this experiment, are therefore particularly significant and serve 
as an indication of the potential performance of the first calver under 
sourveld conditions. However, it must be stressed that these results 
were obtained under good nutritional conditions and where management 
was of a high standard. It is unlikely that similar results could be 
obtained where anyone of these factors were absent. 
There was very little difference in final condition score between 
the first calvers and mature cows (Table 42). The mature cows in Tr.4 
had a mean (five seasons) final condition score B,1 % higher than the 
mean score of the first calvers (Figures 23a - 23e; 25a - 25c). These 
data suggest that, at the lower stocking rates the first calver can 
compete successfully with the mature cow for grazing. However, as the 
stocking pressure increases and herbage availability decreases, the 
first calver is increasingly stressed with a concomitant decrease in 
performance. This aspect deserves further investigation and 
clarification. The results of a study in which the grazing bet-aviour of 
first calvers and mature cows, at different stocking rates, was 
investigated are discussed in Chapter 4. 
The calf performance data indicates that there was very little 
difference in terms of maximum mass (theoretical weaning mass) between 
the calves born to the mature cows and trose oorn to the first calvers. 
The calves born to the mature cows, however, showed slightly higher 
(NS) AOG' s m veld than the calves born to the first cal vers. The 
reason for the good performance of the first calvers and their progeny 
can probably be ascribed to the fact that they calved three to four 
weeks before the mature cows. Post-partum nutrition in both classes of 
cows was excellent, but was of particular benefit to the younger cows. 
Consequently, both classes of cow were able to establish relatively 
high levels of milk production (Baker, Ball, Kilkenny & Walsh, 1972) 
before being stressed by environmental factors associated with veld 
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grazing. The performance of the calves during the early part of the 
season in all the treatments, suggests that milk was not a limiting 
factor. Louw (1984) found that cowage did not influence milk 
production under intensive pasture conditions. This finding is of 
particular significance as the cows used in the intensive pasture study 
were derived from the same herd as that used in the sourveld, and were 
therefore of similar genetic background. Furthermore, similar winter 
feeding regimes were employed in both investigations. The results from 
this study and that of Louw (1984) are in general agreement with other 
research (Lamond, Holmes & Haydock, 1969; Wilson, Gillooly, Rugh, 
Thompson & Purdy, 1969; Somerville, Lowman Edwards & Jolly, 1983). 
The calves born to the first calvers were three to four weeks 
older than the mature cows' calves, at any comparable stage of grazing. 
Consequently the calves born to the younger cows were able to utilize 
the available grass rrore effectively than the younger calves. This 
factor, coupled with the relatively high levels of milk production, 
enabled the calves born to the younger cows to perform well on veld. 
These data suggest that the calving of heifers three to four weeks 
before the main herd should be a priority if the first calvers are 
expected to compete successfully on veld with mature cows. Clearly, an 
adequate level of early postpartum nutrition is essential if these 
animals are to realize their milk production potential. 
The lactating cows stocked at the low to medium stocking rates 
showed small mass gains during the first 140 - 180 days on veld 
(Figures 22a, 22b and 22d). The condition scores of these cows, 
however, remained relatively constant during the corresponding period. 
It would appear therefore that very little of the li vemass gain was 
transformed into visible fat, which suggests that a large proportion of 
the fat gain was deposited internally. Fat and protein account for 
approximately 50% and 10% of the livemass gain respectively (Chigaru & 
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Topps, 1981; Thompson, Meiske, Goodrich, Rust & 8yers, 1983). The 
lactating cows stocked at the high and very high stocking rates (Tr.4 
and Tr.5) generally lost mass and condition right from the start of the 
gr~zing season. The dry cows in all the treatments gained condition 
(with the exception of the 1982/83 season) dJring the first 150 days en 
veld (Figure 23a). The actual condition score gain was related to 
stocking rate with the cows stocked lightly recording the highest gain. 
During the 1979/80 and 1980/81 seasons, the calves in all six 
treatments were weaned when the mean condition scores of the lactating 
cows in Tr.5 and Tr.6 reached 2,0. Consequently, the aJWS in Tr.1, Tr.2 
and Tr.3 were still in excellent condition at weaning and the grazing 
season could therefore have been extended for these cows. From the 
1980/81 season onwards, each treatment was weaned separately. The 
procedure for weaning has been described. However, it is important to 
note that from the 1982/83 season onwards the calves were losing mass 
at weaning (Figures 28a - 28e). The mean maximum mass varied according 
to stocking rate. The calves in Tr.2, Tr.4 and Tr.5 attained mean peak 
masses that were 96,3%, 89,8% and 73,5% of those of the calves in Tr.1. 
The mean number of days to reach maximum mass varied from about 200 
days for the lighter stocking rates (Tr.1 ard Tr.2) to 165 days for the 
very high stocking rates (Tr. 5). When the calves attained maxim.m mass, 
the mean condition score of the cows in Tr.2, Tr.4 and Tr.5, relative 
to those in Tr.1, was 88,3%, 83,3% and 62,8% respectively. 
These data indicate that the criterion for weaning needs to be 
adapted according to stocking rate. There are obvious marketing 
implications involved in weaning at different times, but from an 
optimum performance viewpoint, the data indicate that, at the low and 
medium stocking rates, calf masses peak after about 200 days on veld. 
There would therefore appear to be Ii ttle point in keeping calves on 
sourveld after this stage since they would be losing mass (Figures 28a 
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_ 28e). However, the cows are still in excellent condition at 200 days. 
Weaning at this stage would reduce the stress on these cows with the 
result that the grazing season could be extended until six to eight 
weeks before calving. As shown in Chapter 2, a 60 day reduction in the 
winter feeding period could affect the economic viability of the 
enterprise significantly. 
The condition scores of the cows should not be allowed to fall 
below 2,3 at any stage. In the case of the heavier stocking rates -
1,25 cows + calves/ha (Tr.4) and 1,67 cows + calves/ha (Tr.5) - the 
condition of the cow should form the criterion for weaning. Calf 
weaning masses peaked after 180 days in Tr.4 and mly 165 days in Tr.5. 
Weaning at 200 days would therefore be detrimental to both the cow and 
the calf. The ability of energy-deficient lactating beef cows to 
mobilize body reserves for milk production is well documented (Ball, 
Broadbent & Dodsworth, 1971; Economides, Miller, Tq:Jps, Gelman & Keith, 
1973; Somerville, et a1., 19B3). Weaning rust therefore occur before 
severe depletion of body reserves results. These data suggest weaning 
should ideally occur when the mean condition scores of the dams range 
between 2,3 and 2,4. The cows should improve their body condition 
slightly after weaning with a concomitant increase in the length of the 
grazing season. 
The mean (for a group of cows) target condition score of 2,3 as a 
basis for removal from grazing is an important concept from a winter 
nutritional viewpoint. Removing the cows at a mean condition score of 
2,0 has resulted in the masses of the cows, at the end of grazing, 
often being considerably lower than their mass at the start of the 
grazing season. Consequently, the mass lost during the summer period 
has to be gained during the winter at considerable cost. Weaning the 
calves at a higher dam condition score should reduce the stress on the 
cows earlier and thereby increase the grazing season considerably. The 
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cows would then be heavier and in better condition at the start of the 
winter period and consequently require lower nutritional levels to 
achieve the target condition score at calving. 
The relationship between stocking rate and the length of the 
grazing season is of cardinal economic importance in the Highland 
Sourveld. As stocking rate increases, so the length of the grazing 
season decreases and consequently the length of the winter feeding 
period increases. The rrean (nine years) length of the grazing season 
for treatments 1, 2, 4 and 5 was 219,67 ± 20,25, 209,67 ± 16,78, 193,78 
± 11,53 and 176,50 ± 35,18 days respectively. The high standard error 
in Tr.4 is a result of the sharp decline in the length of the grazing 
period (124 days) during the 1981/82 season. These data are however, 
biased in favour of the high stocking rates because the cows in Tr.1 
and Tr.2 were still in excellent condition at weaning in the 1978/79, 
1979/80 and 1980/81 seasons. However, when the cows were all removed 
from grazing on the basis of condition score (CS 2,0) the mean (six 
years) length of the grazing season for the cows in Tr.1 was 232,50 ± 
7,45 days, Tr.2 - 217,50 ± 14,90 and Tr.4 - 193,67 ± 14,32 days. 
8y incorporating the animal performance data and the grazing 
season data obtained from this study, into a theoretical model, it is 
possible to demonstrate the effect of stocking rate and the importance 
of a reduced winter feeding period. The grazing area used in the model 
is set at 500 ha. The theoretical stocking rates are based on those 
used in the study. The calves are sold in April - May at prices 
existing in May 1987. Winter feed costs are based on a ration of E. 
curvula hay and maize silage. One rand per head per day as a1 allocated 
feed cost is a conservati ve figure. However, sorre farrrers lTBintain that 
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2. Bull costs: R3000/bull prorated over 6 years; 25 cows/bull 
The following conclusions can be drawn from this exercise. 
1. The highest income from the calves was obtained at the very hig, ald 
high stocking rates. The high income was achieved as a result of the 
large number of calves, despite a lower weaning mass and lower price 
per kilogram livemass. 
2. The inverse relationship between the length of the grazing season 
and the length of the winter feeding period is clearly a function of 
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stocking rate. 
3. The increases in winter feed costs as stocking rate increases, are a 
reflection of both the number of cows and the extended winter feeding 
period. 
4. Not only did the animals stocked at the very high stocking rate 
realize the lowest margins, but the veld grazing was also subjected to 
severe stress and degradation. This degradation is evident in the 
significant decline of the desirable grass species, an increase in 
undesirable grass species, the decline of vigour and the significant 
decline in herbage production. 
5. The animals stocked at the high stocking rate (1,25 cows + 
calves/ha) realized the second lowest returns per hectare. After nine 
seasons, it is obvious that the veld allocated to these treatments is 
showing signs of severe stress. Coupled with the change in species 
composition, there has been a reduction in herbage production and 
vigour. Soil erosion has become a potentially serious problem in these 
camps. 
The current high beef prices (in the region of 220 -250 c/kg 
livemass - 21st May, 1987 - for weaners/yearlings) unfortunately make 
the high stocking rate option economically attractive in the short 
term. However, there is no doubt that this will be to the long-term 
detriment of the natural grazing. 
6. The "best" returns depended on whether money was borrowed to 
purchase the cows and interest charged on the investment, or not. The 
economic analysis shows that if money is not borrowed then the return 
per hectare at the mediun stocking rate appears to be the highest. 
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However, the decline in veld composition at this stocking rate 
indicates that this stocking rate was too hicjl and therefore should not 
be considered a viable, long-term option. 
7. 8ased on this analysis, stocking rates of not higher than 83 cows 
plus calves per 100 hectares should be recommended for the Highland 
Sourveld providing for a 250 day grazing season. However, it is 
important to stress that the data on which this analysis was based was 
obtained under good managerial and nutritional conditions. The low 
stocking rate applied in this study might still be regarded as being 
too high, and indeed this would be the case where a less sophisticated 
veld management system is applied. 
The benefit of providing a urea-based lick for the first 100 days 
on veld was apparent in terms of increased weaner masses and superior 
cow condition at the end of the grazing season, at a stocking rate of 
1,0 cow and calf per hectare, but not at a stocking rate of 1,67 cows 
and calves/ha. 
During the first phase of the experiment (1978/79 - 1982/83), the 
cows in Tr.3 had consistently higher mean maximum masses and 
significantly (P<0,01) higher daily growth rates to maximum mass than 
the cows in Tr.2. These results are similar to those recorded by other 
researchers (8eames, 1959; Skinner, 1964; van Schalkwyk & Lesch, 1970; 
Rush & Totusek, 1976; Capper, Pratchet t, Rennie, Light, Rutherford, 
Miller, 8uck & Trail, 1977). However, as noted by Skinner (1964) and 
Capper et ale (1977), the provision of an energy/protein lick cannot 
always be justified economically. In the current study, the benefit of 
providing a urea/energy lick was apparent from the improved body 
condition of the cows in Tr.3 at the cessation of grazing, relative to 
the cows in Tr.2. The supplemented cows had a 15,85% higher condition 
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score, on the basis of which the grazing season could theoretically be 
extended. During the second phase of the experiment the cost of 
providing the urea-based lick was calculated at 16c/head/day, and the 
cost of the mineral lick at 3, 5c/head/ day. The costs per head during 
the 100 day supplementation period were therefore R16 and R3,SO for the 
cows in Tr.3 and Tr.2 respectively. On the basis of cow performance, 
the cost of providing the urea lick would therefore not appear to be 
justified. The data in Table 45 indicate that the cows in Tr.3 were in 
better body condition at weaning than the cows in Tr.2. The mean (five 
seasons) difference in condition score represents a theoretical, 
additional 22 days of grazing for the cows in Tr.3. Depending on the 
cost of the winter feed supplied, the provision of a urea lick during 
the early part of the season might be justified by the concomitant 
reduction in winter feed requirements. In much of the Highland 
Sourveld, where winter feed costs are conservatively estimated to be in 
the region of R1/cow/day, the 22 days saving in winter feed represents 
a saving of R22/cow at a lick cost of R12,50. 
At the very high stocking rate (1,67 cows + calves/ha) there was 
no improvement in either growth rate or condition score fran those cows 
with access to the urea-based lick. There would therefore be no 
justification in supplying a urea/energy lick at such high stocking 
rates. This finding should be of considerable interest to the farming 
cOlTVnunity, since the average farmer believes that, when grazing is of 
poor quality and in short supply, the provision of a urea lick will 
improve animal performance dramatically. The results from this study 
are at variance with the findings of Heitschmidt, Kothman & Rawlins 
(1982) in which supplementation on natural grazing significantly 
increased production in heavily stocked treatments, but not at 
moderately stocked treatments. The supplement fed by Heits~dt et ale 
(1982) was however, in the form of a natural protein: viz. cottonseed 
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meal (41 % CP). Several workers (Rush & Totusek, 1976; Clanton, 1978; 
Owens, Lusby, Mizwicki & Ferero, 1980) have found that cattle grazing 
natural pastures and receiving supplements containing NPN have not 
performed as well as cattle receiving soybean meal protein. 
The poor response of the cows to the urea-based lick at the very 
high stocking rate was probably directly related to low dry matter 
intakes. As a result of low herbage consLrnption, protein and energy 
intakes were insufficient to rreet the daily requirements, even for 
maintenance. A shortage of energy is of particular sig1ificance in this 
situation, since readily available carbohydrates are essential for the 
efficient utilization of urea (Skinner, 1964; Satter & Slyter, 1974; 
Rush & Totusek, 1976). The amount of naize rreal in the ration was 
clearly insufficient to initiate a response fran the urea. A st..pplenent 
of natural protein at very high stocking rates may well be of greater 
benefit than a NPN-based lick. 
The performance of the younger cows was similar to that of the 
older cows, in that the differences in performance between the 
supplemented and unsupplemented groups was small and not statistically 
significant. However, as with the nature cows, the condition of the 
supplemented first calvers was better at weaning than the condition of 
the first calvers that did not have access to the urea lick during the 
early part of the season. In contrast to the nature cows, the provisiCll 
of a urea lick to the first calvers could not be economically 
justified. No reason for the difference in performance between the two 
classes of cows, with regard to the urea-based lick, can be advanced. 
The possibility that the first calvers would derive greater benefit 
from a natural protein-based supplement, as opposed to a NPN-based 
supplement, cannot be discounted and possibly deserves investigation. 
Crude protein analyses were carried out to rreasure the changes in 
veld quality over the season. It is not clear how wisely animals are 
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able to select their food, although Arnold (1985) has suggested that 
ruminants are hedyphagic, ie. food is selected to minimize unpleasant 
and/or maximize pleasant olfactory and other sensations. HO\iEver, there 
is little doubt that animals prefer young to older material, leaf to 
stem and living to dead material (Arnold, 1985). Bredon (1976) showed 
that cattle grazing sourveld grasses selected herbage of higher CP 
values than cut samples, but only with mature grass (>12 weeks). The 
performances of both the cows and the calves in Tr.1 suggests that the 
animals selected herbage of a higher quality than that SulJJl in Figures 
34a - 34d. Based on an intake of 10 kg OM/head/day the animals could 
have consuned between 600 g and !IX) g of CP per day in the begiming of 
the grazing season, depending on season and treatment, and 300 g - 500 
g/day towards the end of the season. According to NRC (1984), a 450 kg 
dry, preglant cow, during the middle third of pregnancy, requires an 
average of 590 g of CP for maintenance. The results from this study 
indicate that the mature cows may well have been short of protein 
towards the end of the grazing season. At the high stocking rates in 
particular, dry matter intake was limited, and the crude protein intake 
would nave been below maintenance levels. It is therefore not 
surprising that the livemasses of these cows declined dramatically 
towards the end of the grazing season. 
High reproductive rates of beef cows under sourveld conditicns are 
of vital importance if beef enterprises are to be viable - in these 
areas. It was therefore unfortunate that disease problems prevented a 
detailed analysis of the reproductive data emanating from this 
experiment, from being carried out. Both Leptospirosis and 
Trichomoniasis were encountered at different stages of the experiment, 
which resulted in a significant number of abortions. The incidence of 
Trichomoniasis necessitated the culling of a large number of cows and 
bulls. Nevertheless, the data presented, although representative of 
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only two seasons, are of considerable interest. 
The finding, that grazing treatment had little apparent effect on 
reconception rates, is not surprising. As a result of the winter 
nutritional programme, the cows were all in good condition at the start , 
of the grazing season. Consequently, stocking rate exerted a relatively 
minor effect on cow and calf performance during the 90 day breeding 
season. Under these favourable conditions, it is encouraging to find 
that the first-calf heifers performed as well as the fTBture cows dJring 
the breeding season. Whilst this result is at variance with the 
generally accepted finding that the first calvers have lower 
reconception rates than older cows (Harwin, Lamb & 8isschop, 1967) it 
is interesting to note that Louw (1984) obtained similar results under 
cultivated pastures, with a winter feeding regime similar to that used 
in this experiment. It would appear therefore, that, providing the 
animal's post-partum nutritional requirements are rret, and she is in 
good condition at the time of calving and mating, good reconception 
rates can be obtained from first calvers. 
Thirty eight percent of the mature cows calved within the first 20 
days of the calving season compared to 26% of the first calvers. 
Probably of rrore significance, however, was the fact that 86% of the 
mature cows were diagnosed pregnant and 85% calved whereas 91 % of the 
younger cows were diagnosed pregnant but only 81 % calved. The highest 
foetal losses were recorded in the high stocking rate treatment each 
year. These figures suggest that the effect of a high grazing pressure 
and the ensuing low nutritional supply, on foetus rrortality fTBy IlEll be 
significant and should not be discounted. 
However, the first calvers were generally as productive as the 
mature cows in terms of producing large weaners, maintaining body 
condition on veld and realizing high conception rates. The possibility 
that the younger cows rrodified their grazing behaviour in order to 
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achieve high production levels could not be discounted and required 
investigation. The results of a two-year study on the grazing behaviour 




SOME OBSERVATIONS ON THE GRAZING BEHAVIOUR 
OF FIRST-CALF HEIFERS AND MATURE COWS 
ON NATURAL VELD AT DIFFERENT 
STOCKING RATES 
The simplification of current recommended grazing management 
practices will lead to a greater awareness and acceptance of these 
grazing strategies by farmers. A better understanding of the grazing 
behaviour of free-ranging cattle may stimulate the development of 
improved grazing strategies which ultimately would lead to an increase 
in the efficiency of animal production. Cattle grazing natural p3stures 
usually depend entirely upon that pasture to satisfy their nutritional 
requirements. This underlines the importance of the close association 
between the animal's grazing environment and animal performance (Kropp, 
Holloway, Stephens, Knori, Morrison & Totusek, 1973). 
Results emanating from the research conducted in the Highland 
Sourveld have shown that lactating mature cows and first-calf heifers 
can graze together successfully under a range of stocking rates. 
However, whilst a number of grazing studies have been carried out and 
comprehensively reviewed (Hafez & Schein, 1962; Fraser, 1968; Arnold & 
Dudzinski, 1978; Syme & Syme, 1979; Reinhardt & Reinhardt, 1981; Curtis 
& Houpt, 1983; Stricklin & Krautz-Scanavy, 1984; Arnold, 1985), there 
is relatively little information on the behaviour of beef cattle as 
influenced by stocking rate. More specifically, no literature could be 
found on the effects of stocking rate on the social interactions and 
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spatial relationships between different classes of beef animals. This 
aspect, rather than grazing behaviour per ~, is the focus of this 
study. 
According to NRC (1984) , the nutritional requirements of first 
calvers are significantly different to those of nBture cows at the saJTE 
stage of lactation. The degree to which the first calver will modify 
its grazing behaviour in order to satisfy its nutritional and 
lactational requirements, when grazing with mature cows, is poorly 
understood at present. The benefits of grazing the two classes of cows 
together, particularly from a grazing management point of view, are 
evident from the results reported in the previous chapter. The social 
interactions between the two classes of cows are therefore of 
importance in explaining the performances of these animals. 
Several studies with beef and dairy cows have noted a high 
correlation between social rank and performance where there is 
competition for feed (Wagnon, 1963; Friend & Polan, 1974). Most of the 
studies have, however, observed differences in performance where some 
form of supplementary feeding was involved and do not relate 
specifically to grazing situations. Spacing behaviour has also been 
measured as an indication of social dominance in cattle (Syme & Syme, 
1979). As these studies have generally involved penned animals, it is 
not clear whether the behavioural responses would extend to grazing 
situations. 
The overall objective of this study was therefore to find pJssible 
explanations for the excellent performance of the first calvers and 
their progeny, relative to the mature cows. Specific attention was 




The studies were conducted during the 1985/86 am 1986/87 seasons. 
A total of six observations during the first season and nine 
observations during the second season were carried out in each of the 
three stocking rates. During the first season, observations commenced 
on the 21 st of March 1986. This was considered to be the time when the 
quality and quantity of the herbage available was declining, with the 
resul t that the animals were beginning to be stressed from a grazing 
point of view. This approach changed dJring the · second season, and 
observations commenced at the beginning of the grazing season. During 
both seasons, the last observations took place shortly before weaning. 
Observations commenced at 08hOO and ended at 16hOO. This time-span 
was selected because the spatial relationships between the first 
calvers and the mature cows, as well as their grazing behaviour, were 
under observation. The major periods of grazing in beef animals are 
generally concentrated in the early morning and again in the late 
afternoon, under most conditions. It was therefore felt that the period 
from 08hOO to 16hOO would coincide with periods of both low and high 
grazing activity and that social interactions were more likely to occur 
during these periods. 
Experimental animals 
A representative sample of 20% of the animals in each treatment 
was selected at random. This amounted to six animals per treatment, 
comprising four first calvers and two rrature cows. It was possible to 
monitor onl y a small percentage of the population be:ause of the nature 
of the terrain and the limited number of observers. The three 
treatments in which the observations took place were: Tr.1 (0,83 cows 
plus calves/ha), Tr.2 (1,0 cow plus calf/ha) and Tr.4 (1,25 cows plus 
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calves/ha). The animals were clearly marked by painting large numbers 
on their flanks. All the cows were lactating. 
Experimental terrain 
The location and topography of the experimental sites were 
described in Chapter 3. Two camps in each treatment were selected for 
the behavioural studies. The size and configuratim of the carps varied 
considerably (Appendices 13 - 24). Within each treatment, the animals 
were rotated between large and small camps. Observations were carried 
out on the second day of occupation of the specified carrps to allow the 
animals to adjust to the particular camp. Drinking water was freely 
available in each camp, usuall y from small dams. A mineral lick was 
provided for the first (approximatelY) 1 DO days m veld, unereafter the 
animals had access to a urea-based lick. 
Experimental observations 
The assessments were carried out by three teams each comprising 
three people. The activities noted were: 
1 • Grazing 
2. Standing 
3. Walking 
4. Lying down 
5. RlITlinating 
6. Drinking water 
7. Eating lick 
8. Suckling calf 
Combinations of activities were often recorded viz. 2/5 or 4/5 
represented a cow standing and rllTlinating or lying down and rllTlinating 
respectively. 3 Represented an animal either walking between grazing 
213 
areas, or walking to water or lick troughs. Every tenth minute, the 
posi tion of the animal in the camp relative to the marker posts, was 
recorded using a grid map. Agonistic or unusual behaviour at any stage 
was noted by the observers. 
Statistical analyses 
Di fferences between the treatments in terms of the time spent 
grazing, resting/ruminating, and suckling were analysed by analysis of 
variance. Tests for interactions between the age of the dam and 
treatment were also made. 
The data on the social facilitation trends were analysed by 
Chi-square analyses. The hypothesis tested was that the animals were 
randomly distributed, relative to one another, throughout the camp at 
any particular time. 
RESULTS 
Time spent grazing 
The percentage of time that the two groups of animals, at each of 
the three stocking rates, spent grazing during the eight-hour 
observation periods, is shown diagrammatically in Figures 36a, 36b and 
36c (1985/86 season) and 37a, 37b and 37c (1986/87 season). During the 
first season (21/3/86 - 3/6/86) the mean time spent grazing by the 
first calvers in Tr.1, Tr.2 and Tr.4 was 308,31 (64,23%), 269,04 
(56,05%) and 294,53 (61,36%) minutes respectively. For the mature cows 
in the corresponding treatments, mean grazing times of 292,32 (60,90%), 
299,76 (62,45%) and 308,45 (64,26%) minutes in Tr.1, Tr.2 ard Tr.4 \JEre 










Percentage of time spent grazing by the first calvers and mature cows in the small and large 
camps. 
First calvers Mlture co.'S 
smll cmp:; large cmp:; smll cmp3 large cmp3 
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+11,91 +15,85 +5,32 +9,93 -+8,84 +5,05 +4,52 +7,36 
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Figure 36a. The percentage of time spent grazing by the mature CXMS 
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Figure 36b. The percentage of time spent grazing by the mature CXMS 
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the differences in grazing time between the treatments statistically 
significant. No clear pattern emerged from these data in terms of any 
particular class of cow grazing for longer times during the periods 
under observation. The largest difference was recorded in Tr.2 where 
, 
the mature cows spent 60,9% of their time grazing as opposed to the 
56,05% minutes recorded for the first calvers (Figure 36b): a 
difference of 23,28 minutes (NS). 
During the second season (18/11/86 - 20/5/87), a mean grazing tinE 
of 274,32 minutes (57,15%) was recorded for the first calvers in Tr.1, 
as opposed to 279,08 minutes (58,14%) for the rrature rows (Fig..Jre 37a). 
In Tr.2, grazing accounted for 57,71% (277,01 minutes) and 59,08% 
(283,59 minutes) of the 480 minutes possible for the first calvers and 
mature cows respectively (Figure 37b). The time spent grazing by the 
first calvers and mature cows in Tr.4 amounted to 259,78 minutes 
(54,12%) and 270,68 minutes (56,39%) respectively (Figure 37c). In 
contrast to the first season, the nean grazing times recorded were 
consistently longer for the mature cows. The differences lIEre, mllEver, 
very small (largest = 11 minutes) and not statistically significant. A 
significant feature of these results is the similarity in actual time 
spent grazing by all the animals during the two seasons. The largest 
difference (38 minutes) was recorded in Tr.4. 
Increase in time spent grazing over season 
The increase in time spent grazing dJring the two seasons for 
Tr.1, Tr. 2 and Tr. 4 are presented diagrarmJatically in Fig..Jres 36a - 37c 
and have been summarized in Table 51 to show the effect of camp size. 
During the first season, the first calvers stocked at the low, medium 
and high stocking rates increased their nean grazing time between the 
first and last observations by 6,7%, 0,26% and 11,06% respectively. In 
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mature cows was 6,52%, -0,66% and 22,62% in Tr. 1, Tr. 2 and Tr. 4 
respectively. It is clear from these data that there was considerable 
variation in the time spent grazing between observations. These 
variations can largely be attributed to camp size. When the grazing 
times within camps were analysed, it was apparent that the first 
calvers in Tr. 1, Tr. 2 and Tr. 4 increased their grazing times in the 
small camps by 9,66%, 5,8% and 11,73%, and in the large camps by 
15,08%, 9,97% and 10,27% respectively. The mature cows stocked at the 
low, rrediun and high stocking rates increased their tinEs spent grazing 
in the small camps by 14,89%, 1,04% and 16,37%, and in the large camps 
by 17,22%, 3,77% and 21,88% respectively. 
The pooled data (all three treatments) indicates that the first 
calvers increased their grazing time over the season by 9,06% (44 
minutes) in the small camps, compared to an increase of 10,76% (52 
minutes) by the mature cows (Table 57). In the large camps, the first 
calvers increased their grazing time over the season by 11,77% (56 
minutes) and the mature cows by 14,29% (69 minutes). In neither the 
small, nor the large camps, were the differences in grazing time 
between the two classes of cows, statistically significant. 
The most notable differences in the time spent grazing during the 
first season were, however, between treatments. The lowest (P<0,01) 
increase in grazing time over the season was recorded for the mature 
cows in Tr.2. A similar, but statistically non siglificant, ircrease in 
grazing time, was shown by the first calvers in crnparison to the other 
treatrrents. Similar trends with respect to treatment differences were 
not noted during the second season. 
The differences in the time spent grazing between the first 
calvers and the mature cows in the small and large camps during the 
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recorded in Tr.4. 80th the first calvers and the mature cows reduced 
the time spent grazing in the large camps by 0,55% and 5,59% 
respectively. However, in the small camps, the first calvers increased 
the time spent grazing by 16,84% and the mature cows by 20,41% (Table . 
51). It is apparent from Figure 37c that the grazing time recorded 
during the observations on the 18/11/86 and 18/12/86 appear to be 
atypical, relative to the time spent grazing in the other cbservations. 
The general trend is certainly towards a reduction in the time spent 
resting and an increase in the time spent grazing as the season 
progressed. 
Social facilitation 
The actual grazing patterns of the mature cows (No's 5 and 6) and 
two of the first cal vers (No's 1 and 2) during the first and second 
season are presented diagranvnatically in Appendices 13 24 
respectively. The grazing patterns of only two of the first calvers in 
each treatment are shown in an attempt to provide a clearer 
representation of the grazing movements. The positions of the animals 
are shown at hourly intervals although their positions were actually 
noted every tenth minute. The grazing patterns reflected in Appendices 
1-3 - 24 indicate the "marker" animal number followed by the hour of 
observation. An association between animals was assumed if a "marker" 
first calver and mature cow were within a 25m radius of one another. 
Associations at 30 minute intervals were anal ysed. A total of 16 
associations between any two animals were possible during any 480 
minute observation period. 
During the first observation of the 1985/86 season (21/3/86), the 
first calvers and mature cows in Tr.4 were generally randomly 
distributed (P<0,20) relative to each other. It is, however, evident 








(NS) with cows 1 and 2. The associations between the cows in Tr.1 and 
Tr.2 were not random (P<0,50 - Tr.1; P<0,95 - Tr.2). This viewpoint is 
substantiated by the grazing patterns in Appendices 13 and 13. The 
associations between the mature cows and the first calvers at any 
particular time was very strong. It is noticeable in Appendices 13, 14 
and 15 that the full dimension of the camps was not utilized in any of 
the treatments. 
The interactions between the two classes of cows at the end of 
the first season (3/6/86) are to some extent apparent from Appendices 
16, 17 and 18. This observation is reinforced by the chi-square 
analyses which indicate that the animals were not randomly distributed 
(P<,70 - Tr.1; P<0,98 - Tr.2 and P<0,70 - Tr.4). The associations 
between cows 6 and 3 and 6 and 4, and between cows 5 and 3 and 5 and 4 
in Tr.1 were particularly strong, but, due to the sirrplification of the 
grazing patterns, are not shown in Appendix 16. In contrast to the 
observations made in the beginning of the season, the last ooservations 
(3/6/86) indicated that the animals in Tr.2 and Tr.4 tended to utilize 
a larger proportion of their camps. This was possibly because the last 
observations were made in the smaller camps. Another possible 
contributing factor may have been that the grazing was of poorer 
quality (Figure 34d) and not as abundant at this stage Ilhich rTEant that 
the animals had to forage wider to satisfy their feed intakes. During 
the second season, observations commenced at the ini tiation of the 
grazing period. The second observation (3/12/86) has been used in the 
analysis, at which stage the animals should have become familiar with 
the veld conditions. The hypothesis applied during the first season IiB5 
also applied dJring the second season. The distribution of the first 
calvers and the mature cows relative to one another, at the beginning 
of the season, was not random (P<0,80 - Tr.1; P<0,70 - Tr.2; P<0,90 _ 
Tr.4). The strong associations between the two classes of cows are 
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clearly apparent from Appendix 19 - Tr.1, Appendix 20 - Tr.2 and 
Appendix 21 - Tr.4. The animals in Tr.1 and Tr.2 clearly did not 
utilize the full extent of their respective camps (Appendices 19 and 
20). The cows in Tr.4, however, ranged far wider and utilized their 
camp better. This was probably a consequence of the hig, stocking rate. 
The distribution of the two classes of cows, relative to one 
another in Tr.4, at the end of the grazing seascn liaS ~ently rardan 
(p <0,20). Whi ls t there were reasonabl y strong associaticns betUEen cows 
5 and 1, and 5 and 2, associations between the other animals under 
observation were very poor (Appendix 24). The two classes of cows in 
Tr.1 and Tr.2 were not randomly distributed (P<O,BO - Tr.1 & Tr.2). 
This trend is similar to that observed cLring the first season in the 
corresponding treatments. These trends appear to indicate that, with 
the advancing season, the animals in the high stocking rate treatment 
became increasingly stressed from a foraging point of view. The cnimals 
therefore grazed further apart in an effort to satisfy their intake 
requirements. 
A number of interesting observations were made with regard to 
differences in grazing behaviour between the two classes of cows. The 
observers were unanimous in their observations that the first calvers 
appeared to set the grazing pattern for the whole herd. Even in 
si tuations where the mature cows cOrmlenced grazing first, they follOliEd 
the first calvers as soon as the latter started to graze. This trem is 
apparent in Appendices 13 - 24 if the grazing positions and directions 
of the first calvers, relative to the mature cows, are compared. No 
agonistic behaviour between the two classes of cows was noted at any 
stage of grazing. Agonistic behaviour was, however, frequently ooserved 
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agonistic behaviour at water troughs were recorded. In all the 
situations where agonistic behaviour was noted, the bigger mature cows 
dominated the first calvers. There was therefore a clear distinction 
between leadership (first calvers) and dominance (mature cows). 
Time of grazing 
The actual times spent grazing during the periods of observation 
in the first season, in Tr.1, Tr.2 and Tr.4 are shown diagrammatically 
in Figures 38a, 38b and 38c respectively. The fig.Jres are characterized 
by two distinct grazing periods. The first period, during which one to 
six of the ooservation animals grazed, was of relatively short dJration 
and was probably the tail-end of the early morning grazing session. 
After a period of between one and two hours, grazing was reinitiated 
with at least five of the six animals grazing by 11h30. Grazing after 
11 h30 was maintained until 16hOO by at least four of the six animals in 
all three treatments. As the season progressed the rest periods 
decreased until on the 3/6/86 a varying degree of continuous grazing 
was evident in all three treatments. In Tr.4, continuous grazing was 
already apparent as early as the 23/5/86. This grazing situation was 
probably a consequence of a shortage of available rerbage brou.j1t aOOut 
by the high stocking rate. 
The times spent grazing by the "marker" cows during the second 
season in Tr.1, Tr.2 and Tr.4 are shown in Figures 39a, 39b and 39c 
respectively. The grazing patterns during November and December in all 
three treatments were characterized by the relatively late start in 
grazing activity (09hOO - 10hOO) and the short periods of intense 
grazing activity, particularly in Tr.2 and Tr.4 (Figures 39b and 39c). 
The relatively late start to grazing within the period of observation 
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dawn, followed by the first significant rest period. The observed 
grazing period commencing between 09hOO and 10hOO, is the start of the 
second grazing session. From late January/early February onwards, low 
level grazing activity was apparent at 08hOO which was probably the 
tail-end of the first grazing session which caTJTErced later as a result 
of the longer hours of darkness associated with the advancing season. 
The grazing activity between 08hOO and 09hOO increased in all three 
treatments as the season progressed. From March onwards, the patterns 
of grazing intensity were similar to those recorded during the first 
season (Figures 38a, 38b and 38c). The major differerce betllE8n the two 
seasons however, was that the continuous grazing activity exhibited by 
at least some of the cows in Tr.2 and Tr.4 during the first season was 
not apparent during the second season. However, in Tr.1, the two 
seasons showed similar trends (Figures 38a and 39a). 
Resting and ruminating 
The times spent resting and ruminating have been combined and are 
presented for the different treatments in Table 52. As expected, the 
non-grazing time decreased over the season. An exception to this trend 
was noted in Tr.2 over the first season, where, in the small camps, 
both the first calvers and the mature cows increased the time spent 
resting over the season by 1,69% (8,12 min) and 5,29% (25,40 min) 
respectively. No logical explanation for these deviations from the 
apparently normal trends can be offered. 
During the second season, the first calvers decreased the time 
spent resting in the small camps by 11,87% (56,97 min), 12,88% (61,83 
min) and 11,23% (53,90 min) in Tr.1, Tr.2 and Tr.4 respectively. 
However, camp size apparently had a non-significant effect on the 
change in resting time, over the season, for any particular treatment. 
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In contrast, the mature cows decreased their resting time over the 
season, in the small camps, by 11,0% (52,80 min), !4,52 min (69,70 min) 
and 20,41 % (97,92 min) in Tr.1, Tr.2 and Tr.4 respectively. Once 
ag,ain, camp size did not significantly affect the time spent resting 
for any particular treatment, except at the high stocking rate. 
Stocking rate apparently had little effect on the time spent resting by 
the first calvers, but a significant (P<0,05) effect on the mature 
cows. The high standard errors recorded for both classes of cows 
indicate that a considerable amount of variation between the animals 
was evident. This is however, not surprising because of the small 
numbers of animals involved in the actual observations. 
With the exception of the cows in Tr.2, the mean time spent 
resting and runinating, by both the mature cows and the first calvers 
during the second season, was generally similar to that recorded cLring 
the first season. 
Suckling activity 
The mean percentage time that the cows spent su:kling their calves 
during the periods of observation, in the first season, are shown in 
Figures 4Oa, 40b and 40c. As expected, suckling activity I1SS hig,est in 
the beginning of the season, and declined as the season progressed. 
During the first season, the mature cows in Tr.1 generally spent a 
greater percentage of their time suckling their calves than their first 
calver counterparts. Similar trends were not apparent in the other two 
treatments. A feature of the data presented in Figure 40b and Figure 
40c was the fact that from the end of April onwards, in two of the 
three observations in Tr. 2 and three of the four observations in Tr. 4, 
the mature cows did not suckle their calves at all during the periods 
Table .52. Percentage of time spent ruminating and resting by first calves and mature cows-in the 
small and large camps. 
1985/86 sefBD 
First Calvers 
0,83 CCMS/ cal ves/ha 
1,0 CCMS/calves/ha 
1,25 rows/cal ves/ha 
liJt:ure COIS 
0,83 CCMS/calves/ha 
1,0 CCMS/ cal ves/ha 
1 ,25 cows/cal ves/ha 
1'HJ@ seafDl 
First Calvers 
0,83 cows/cal ves/ha 
1,0 CCMS/ cal ves/ha 
1,25 cows/cal ves/ha 
MIture COIS 
0,83 CCIWS/ cal ves/ha 
1,0 CCMS/calves/ha 
1,25 CCMS/ cal ves/ha 
Large camp 
21.m.a> 23.C5.ffi 
33,34 + 1,71 
37,00 + 6,22 
:.6,71 + 5,32 
:l3,54 + 1,48 
34,0 + 8,49 
44,00 + 3,02 
18.11.ffi 
45,~ + 5,41 
'3),72 + 2,47 
35,73 + 5,15 
37,78 + 1,44 
43,15 + 2,79 
27,57+7,22 
19,9) + 1,00 
28,63 + 8,0l 
:r>,ro + 8,43 
31,63 + 15,00 
31 ,91 + 18,05 
23,% + 7,37 
al.C5.87 
34,0:> + 5,72 
32,63 + 5,89 
'3) ,15 + 6,ll> 
26,ro + 4,52 
21,76 + 6,15 

















32,<l3 + 6,14 
41,16 + 16,0 
ll>,11 + 11,03 
:.6,18 + 6,00 
33,34 + 11,79 
37,51 + 5,89 
m.U.ffi 
22,89 + 8,92 
:l3,00 + 7,:l3 
27,78 +12,34 
27,ffi + 9,03 
'3),'EJ + 8,41 
24,g) + 8,47 
al.a5.87 
45,00 + 12,81 33,13 + 9,00 
47,03 + 3,'X) 34,'X) + 4,72 
44,41 + 1,% 33,18 + 4,53 
48,00 + 11 ,32 37,00 + 9,9) 
44,13 + 6,93 29,61 + 7,22 
53,00 + 2,89 32,67 + 2,9) 
Differeoce 
_ 10,00 ac 
_ 2,47 be 


















During the second season, suckling activity continued right 
through to the end of the grazing season in all three treatments 
(Figures 41 a, 41 band 41 c). As expected, suckling activity generally 
declined over the season. However, both the mature cows, and the first 
calvers in Tr.2 maintained a high level of suckling activity until the 
end of the grazing season. At the end of the season, the first calvers 
spent 2,55% of the observed 480 minutes suckling, compared with 3,07% 
recorded by the mature cows (Figure 41b). This represents 1,25 and 1,5 
suckling periods respectively. The first calvers in Tr.1, Tr.2 ard Tr.4 
recorded mean suckling times (total time spent suckling during the 480 
minutes) at the beginning of the season .of 21,60, 25,92 and 29,48 
minutes respecti vel y • 8y the end of the season this was reduced to 
4,80, 12,24 and 4,90 minutes respectively. In contrast, the nature CXIltJS 
in Tr.1, Tr.2 and Tr.4 recorded mean total suckling times of 19,20, 
23,56 and 24,53 minutes at the beginning of the season respectively. 
These times were reduced to 4,80 minutes (Tr.1), 14,74 minutes (Tr.2) 
and 4,90 minutes (Tr.4) by the end of the grazing season. It is 
interesting to note that both the mature cows and the first calvers in 
Tr. 2 spent significantly more time suckling than the CXIltJS in the other 
two treatments. No explanation can be offered for this situation but it 
is clear that both classes of cows maintained a high level of suckling 
activity right through to the end of the season. Whilst these figures 
cannot be regarded as absolute, because observations were only made at 
10 minute intervals, the trends nevertheless remain meaningful. These 
trends suggest that generally there were no significant differences in 
the time spent suckling between the mature cows and the first calvers 

















Figure 40a. The percentage of tiloo spent suckling by the mature cx:MS 
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Figure 41 a. The percentage of time spent suckling by the mature CCIiIS 
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On four occasions, in various stocking rate treatments, all the 
calves in that treatment were seen to lie down in close proximity to 
one another with two, or three cows in close attendance. This usually 
occurred mid-morning and while all the other cows were grazing. The 
cows in attendance usually grazed without intent, or alternatively lay 
down with the calves. This pattern of behaviour seldom persisted for 
more than 90 minutes. The cows in attendance lIEre sometimes relieved by 
other cows during this period. 
DISCUSSION 
In neither of the two seasons did anyone class of animal graze 
for significantly longer periods than the other. Whilst one might have 
expected the lighter first calf heifers to graze for shorter periods 
than the mature cows on the basis that intake is a function of body 
mass (Hodgson & Wilkinson, 1967), this clearly did not occur (Figures 
36a - 37c). The main reason for this is probably the fact that the 
first calvers have higher nutritional requirements, relative to mature 
cows, at the same stage of lactation (NRC, 1976). The first calvers 
would therefore have had to either increase their grazing time, 
increase their bite rate, or have been roore selective in order to 
satisfy their nutritional requirements. 
During both seasons, the increase in grazing time over the season 
was lower in the small camps than the large camps (Figures 36a _ 37c), 
particularly for treatments 1 and 2. Camp size apparently played a 
minor role in affecting grazing time at the high stocking rate (Figure 
36c), with a linear increase in grazing time over the season 
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irrespective of camp size. The camp-related increases in grazing time 
during the second season were generally higher than those recorded 
during the first season. In contrast to the trends recorded during the 
first season, the mean increase in grazing time in Tr. 4 during the 
second season, varied considerably between camp sizes and age of 
animal, but was nevertheless apparent (Figure 37c). 
The effect of camp size on animal behaviour and performance has 
not been well studied. Research in this area res mncentrated mainly on 
the effects of camp size on walking and drinking activities. Under 
extreme conditions, when drinking water is freely available, animals 
range further for food, but do not travel far for water, but when 
watering points are limited, walking to and from water accounts for 
most of the distance travelled (Arnold & Dudzinski, 1978) • In this 
particular study, drinking water was freely available from a single 
source in each camp. Even the large camps were not of such a size (5 -
8 ha) that the single water source would have significantly affected 
their grazing behaviour. The animals were seldom seen to drink and it 
must therefore be assuned that drinking occurred outside the periods of 
observation. On average, the animals were seen to driri< only once every 
two to three observation periods. Generally, a drinking session was 
ini tiated by one or two animals with the rest of the herd following 
soon afterwards. On several occasions the entire herd WBS seen suddenly 
to cease grazing and gallop to the water with rruch frolicking and 
kicking of hind legs. Both the cows and the calves exhibited this 
behaviour. 
The social interactions, including social facilitation and 
spatial relationships, between the first calvers and the mature cows 
were of particular interest in this study. Social facilitation res been 
described as the modification of the grazing t~ of ~s of animals 
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with different potential grazing times, due to the social interaction 
of grazing together (Arnold & Dudzinski, 1978). The chi-sQ..lare Cflalyses 
indicated strong associations between the first calvers and the mature 
cows, at the beginning of the first season. In Tr.4 however, grazing 
appeared to be random. At the end of the first season the trends had 
remained the same in Tr.1 and Tr.2, but strong associatims bet\iEen the 
first calvers and the mature cows were also observed in Tr.4. During 
the second season, there were strong associations between the first 
calvers and the mature cows in all three treatments at the begiming of 
the season. As the season progressed, the associations between the two 
classes of cows remained strong in Tr.1 and Tr.2, but the cows in Tr.4 
appeared to graze randomly. These figures suggest that when grazing is 
limited towards the end of the season, as in the case of high stocking 
rates (Tr. 4), social interactions declined in importance. The animals 
were then forced to graze wider and more independently in , order to try 
and meet their nutritional needs. This observation is similar to that 
noted by Rutter (1968) using time lapse photography with grazing 
heifers. In general, where there is a shortage of feed, grazing time 
and the number of bites per minute will increase, but total intake will 
decrease (Arnold, 1985). 
At the lower stocking rates (Tr.1 and Tr.2), 
leadership/followership patterns were noted by all the observers. In 
all three treatments, the first calvers were seen to establish the 
grazing patterns. Whilst this observation was Slbjective, it is to SCJTE 
extent supported by the grazing patterns shown in Appendices 13 - 24, 
which indicate that the mature cows generally arrived at a particular 
point at various intervals after the first calvers. According to Hafez 
& Schein (1962) , leadership in cattle is a passive response, rather 
than an active me, with animals with less cohesive tendencies roving 
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away from their neighbours, which then follow. Syrre & Syrre (1979) noted 
that the spatial behaviour of subordinate heifers appears to be 
affected by attempts to maintain suitable distances between themselves 
and dominant animals. These authors suggest that the higher the social 
ranking, the more likely cows are to be found near other rrembers of the 
herd. 
At the high stocking rate, where grazing was in short supply, it 
was clearly not in any animal's interest to adopt a follower position 
which would rrean that they then rnly had access to the herbage not 
selected by the leaders. Consequently, spatial relationships were 
extended in an effort to rreet the nutritional demands by grazing 
"wider". At the low stocking rates, where grazing was more abundant, 
leadership/followership patterns were more apparent because the animals 
were able to satisfy their nutritional requirements within a more 
cohesive grazing unit. This finding is again similar to that noted by 
Rutter (1968). 
There is no definitive evidence to suggest that animals have the 
ability to select herbage which will correct deficiencies in their 
diet. Hancock (1954) has, however, postulated that some animals are 
more selective and graze herbage of better quality than less 
discriminating animals. Hafez & Schein (1962) have suggested that 
selective grazing is inversely related to the age of the animal. If 
this is indeed the case, and the first calvers were more selective in 
their grazing habits, it may explain why the first calvers managed to 
perform at a level at least as high, and often higher, than the mature 
cows whilst grazing for similar lergths of tirre. The grazing tirres 
of herds containing animals of different ages (such as first calvers 
and mature cows), may diff~r considerably from homogeneous herds 
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(Arnold & Dudzinski, 1978). Whilst the effects of social facilitation 
have been noted more often in sheep (Tribe, 1950; Holder, 1962; Arnold 
& Dudzinski, 1978), some effects have been observed in cattle (Bailey, 
Bi,shop & Boord, 1974). In almost all cases, the grazing tirre was longer 
for groups of animals grazing separately. In the sourveld 
investigation, the first calvers did increase their grazing time 
relative to their requirements on a body mass basis. It is also 
possible that, in this particular study, the first cal vers increased 
their bite rate, but because of a smaller bite size, this modification 
to the situation was largely nullified. Furthermore, the possibility 
that the first calvers were also more selective cannot be overlooked. 
The finding that, as the days shortened, the intervals between 
grazing periods decreased until the latter part of May/beginning of 
June, when grazing activity was often continuous (Figures 38a - 39c), 
is similar to that observed by Arnold (1985). 
During the first season there were no significant differences in 
grazing patterns between the three stocking rate treatrrents except that 
continuous grazing was noted in Tr.4 approximately 10 days before it 
was noted in the other two treatments. This was clearly a response to 
the high stocking rate and shortage of available herbage. Towards the 
end of the season, there still seemed to be sufficient herbage 
available in Tr.1 to satisfy the animals' dry matter requirements. 
However, as this material was of relatively p.Jor Q.Jality (Figures 34a -
34d) the animals had to adjust their grazing behaviour in order to 
satisfy their nutritional requirements. The rest periods generally 
occurred within the periods 09hOO to 11hOO, with a period of low level 
grazing activity often noted around 15hOO. 
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During the second season, when observations were started at the 
beginning of the grazing season, there was no grazing activity in any 
of the treatments until after 09hOO. The grazing patterns were then 
characterized by several periods of high (>50% of marker animals 
grazing) and low «50% of marker animals grazing) grazing activity 
until approximately 15hOO, when grazing activity once again commenced 
in earnest. The lack of grazing activity prior to 09hOO almost 
certainly coincides with the first significant rest period of the day 
following intense grazing activity which usually commences around dawn. 
From February/March onwards, as the days become shorter, so the first 
rest period shifts to late in the morning (Figures 34a - 34d). In all 
the treatments, grazing was almost continuous, during the observation 
periods, from March cnwards, with varying degrees of activity through 
to 16hOO (Figures 38a - 39c). 
These data suggest that stocking rate played a minor role in 
affecting the diurnal patterns of grazing. This response is similar to 
that observed by Arnold & Dudzinski (1978) who suggested that the 
amount of herbage available does not affect diurnal patterns of 
grazing. Rutter (1968) noted that, when feed I1B.S in short supply, there 
was less conformity between heifers in a herd of indivicLals. According 
to Craig (1986), limited resources are usually not prorated according 
to dominance ranks. He suggested that the relationship is probably one 
where the dominant animals benefit at the expense of the others. When 
resources are available in rooderate quantities, more animals benefit, 
but a few will still be excluded. 
The inverse relationship between the time spent grazing and, 
resting and rlJllinating found in this study, is rot surprising and is in 
general agreement with other studies (Arnold & Dudzinski, 1978). These 
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authors also found no distinct diurnal pattern in rumination as is 
often found during periods of grazing. Lofgreen, Meyer & Hull (1957) 
have suggested that the ratio of runinating time to grazing time is 
related to the total digestible nutrients (TON) of the forage grazed. 
Hancock (1954) found that the runinating time of cows on ryegrass-lLhl te 
clover pastures increased as the pasture changed from vegetative to 
full flowering. Small seasonal changes in runinating time often occur 
because coarse, mature herbage is less digestible than succulent 
herbage, and therefore less of it is eaten (Herbel & Nelson, 1966; 
Kropp, Stephens, Holloway,- Whiteman, Knori & Totusek, 1973). In five 
separate studies, Arnold & Dudzinski (1978) found that between 64% and 
71% of runination occurs between 18hOO and D6hOO. Between 62% and B3% 
of the ruminating is done when the cows are lying down. 
In general, suckling behaviour in cattle in not as lIEU docLfTEnted 
as that in sheep. The decrease in the total tifTE ~ent su::kling per day 
and the decrease in suckling activity over the season noted in this 
study, is in general agreement with the results of Nicol & Sharafeldin 
(1975). The finding that the first calvers generally did not spend a 
significantly greater time suckling their calves than the mature cows 
suggests that the younger cows had similar milk productions to the 
older cows. This observation supports the conclusions regarding the age 
of the dam and milk production proposed in the previous chapter. The 
weaning masses of the calves born to the first calvers were 
consistently as high and sometimes higher than the calves born to the 
mature cows. The failure of the mature cows to suckle their calves, 
during the periods of observation, from April onwards (Figures 40b and 
40c) is surprising. One must therefore assume that as herbage 
availability and qJality declined milk production was reduced to the 
extent that the calves were largely independent of their dam's milk as 
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the major source of nutrients towards the erd of the season. lJ.hy such a 
situation should be peculiar to the mature cows is not clear. 
Behaviour, in which group rrembers other than the parent care for 
offspring, is termed "alloparental care" am is not uniqJe to beef cows 
(Stricklin, Wilson & Graves, 1976). Similar behaviour to that noted in 
this experiment has been reported by Wagnon (1963). In this study, 
alloparental behaviour was noted only in the beginning of the season 
when sufficient herbage was available and the cows were not 
nutritionally stressed. 
Conclusions 
The fact that the length of the grazing periods did not differ 
between the first calvers and the mature cows SLlJgests that the younger 
cows had to graze relatively longer in order to satisfy their high 
nutritional requirements. Furthermore the first calvers appeared to 
establish the grazing pattern with the mature cows adopting a 
"follower" position. It would be logical to assume that the first 
calvers, by adopting leadership positions were better able to select 
herbage of higher quality and thereby rreet their nutritional 
requirements. It is interesting to note that no agnistic betaviour liES 
observed during grazing periods. 
Stocking rate and advancing season affected the grazing behaviour 
in the sense that as the days shortened, the interval between grazing 
periods decreased until the end of May when grazing became continuous 
within the periods of observation. These data suggest that the 
increased grazing time was a response to the declining quality and 
quantity of herbage. The response of the two classes of cows to each 
other at the high stocking rate was interesting. At the start of the 
second season, when grazing was reasonably abundant, there were strong 
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associations between the first calvers and the nature cows in all three 
treatments. However, at the end of the season the two classes of cows 
grazed further apart at the high stocking rate. It was therefore 
concluded that as the grazing pressure increased, social interactions 
became less important. The trend was not consistent between the two 
seasons. During the second season, there were strong associations 
between both classes of cows, in all three treatments, at the end of 
the grazing season. No logical explanation can be offered for the 
difference between the two seasons. 
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GENERAL DISCUSSION 
"Modern science is characterized by its ever increasing 
sp~cialization necessitated by the enormous amount of data, the 
complexity of techniques and of theoretical structures within every 
field. Thus science is split into innumerable disciplines continually 
generating new sub-disciplines. In consequence the physicist, the 
biologist, the physiologist and the social scientist are, so to speak, 
encapsulated in their private universes and it is difficult to get \im'd 
from one cocoon to the other" (von Bertalanffy, 1979). 
The discipline of Agriculture, as one of the applied sciences, is 
no less complex than any of the other sciences and consists of 
countless sub-disciplines. In the field of Agriculture it is vital that 
the basic and applied aspects of the discipline should be viewed in 
their proper, and not isolated perspective. Such an approach is 
necessary if the research and extension inputs, which aim at improving 
the viability and efficiency of agricultural systems, are to be 
successful. It is for this reason that a multidisciplinary or "systems" 
approach to the research effort at the Thabamhlope Research Station res 
been adopted unequivocally. 
Agriculture is practised in the form of production systems, 
enterprises or farming systems (Spedding, 1975) • Economic 
considerations are generally of prime importance, often dictating the 
viability of a particular enterprise or production system. HCXlEver, the 
manipulation of such systems can be successful Olly unen the lJlderlying 
scienti fic principles, and the impact that management could have on 
such systems, are clearly understood. The understanding of agricultural 




The rearing of replacement heifers forms a sUb-system of the 
greater breeding herd, which in turn, is an integral part of the whole 
beef enterprise. The success of a breeding herd is largely dependent 
upon an adequate supply of selected heifers each year. Strict selection 
and judicious management of replacement heifers provide the producer 
with the opportunity for improving the production efficiency of his 
whole breeding herd. Age at calving and the time of calving within the 
calving season (early or late) are important in determining the 
heifer's lifetime production potential (Zimmerman et al., 1957; 
Lesmeister ~t a1., 1973). The experiments described in this thesis uere 
conducted with Simmentaler heifers, which, according to Wiltbank 
(1976), are relatively late in attaining sexual maturity. Whilst 
several workers have shown large differences between breeds or breed 
crosses in the age of heifers at puberty (Wiltbank, Gregory, Swiger, 
Ingalls, Rothlisberger & Koch, 1966; Laster, Glimp & Gregory, 1972; 
Laster, Smith, Cundiff & Gregory, 1979; Gregory, Laster, Cundiff, Koch 
& Smith, 1978; Reynolds, DeRouen & Bellows, 1978), the majority of 
these studies have been concerned with mating of heifers at 14 - 15 
months of age so that they calve down at two years of age. In the 
Highland Sourveld, where heifers are usually mated at two years of age 
and calve down as three year-olds, the attainment of puberty generally 
poses few problems. Body mass is also an important factor affecting 
sexual maturity (Allden, 1970, Lamond, 1970; Short & Bellows, 1971; 
8urfening, 1974). In the present study, the target mating mass of 330 
kg was achieved with relative ease under a range of rranagerent cptions, 
and should therefore present no problem to the producer. 
The heifer-rearing aspect of the breeding enterprise is placed 
under severe financial stress if the heifers have to be fed for three 
years before producing a calf whose viability is not guaranteed. The 
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results from this study have indicated quite clearly that the rurber of 
management options available within a relatively rigid system are 
considerable and that the economic returns between each option vary 
gr~atly (Table 7). A rigid system is defined as a situation where, as 
for example in the Highland Sourveld, the beef enterprise is based 
largely on veld, but some form of supplementary or substitute feeding 
is necessary during the winter months. The options within such a fixed 
system with regard to winter nutritional levels and summer stocking 
rates are however, infinite. 
Several researchers have drawn attention to the fact that 
undernutrition may result in increased age at puberty (Joubert, 1954; 
Wiltbank et al., 1969), subnormal conception rates and impaired 
fertility (Hill et a1., 1970; Short & Bellows, 1971). Overfeeding on 
the other hand, may result in decreased breeding efficiency (Arnett et 
a1., 1971), high calf mortality (Bond & Wiltbank, 1970), decreased 
marmlary gland development (Swanson, 1957) and decreased milk production 
(Swanson, 1957, 1960). Thus, incorrect nutritional levels during the 
development period may have both short and long-term effects on heifer 
productivity. It has been suggested that a negative relationship 
between the early growth rates of hei fers and subsequent calf -rearing 
ability may be significant under natural pasture conditions (Mangus & 
Brinks, 1971 ; Koch, 1972) • However, the extent of production 
differences associated with different growth rates during rearing, are 
variable (Johnson & Obst, 19B4). 
Underfeeding of one group of heifers was incorporated into this 
study to test the potential benefit of compensatory growth 01 sourveld. 
Explanations for compensatory growth that have been advanced include 
decreased maintenance requirements (Saubidet & Verde, 1976), alteration 
of the composition of tissue gains (Thompson, Bickel & Schurch, 19B2; 
Baker, Young & laws, 19B5), increased food intake (Meyer et al., 1965) 
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and increased efficiency of utilization of energy and protein (Fox, 
Johnson, Preston, Dockert y &: Klosterman, 1972) • In this study, the 
biggest single factor affecting compensatory growth was stocking rate. 
Cattle generally record higher feed intakes during periods of 
realimentation (Meyer ~t al., 1965; Horton &: Holmes, 1978; 0' Donovan, 
1984) • It is therefore axiomatic that complete compensation is not 
possible, or takes longer to achieve, if herbage intake is restricted 
during the realimentation period. In the present study, whilst the 
degree of undernutrition could not be described as ffivere, up to eig,ty 
percent of the compensation, as measured by mass, had taken place by 
the end of the sLlllmer grazing phase, relative to the heifers wintered 
on the high plane of nutrition, and complete coTllensation by the erd of 
the second winter. 
The degree of compensatory growth achieved in this experiment 
varied between seasons (Table 5) and was probably a function of both 
the quality and the quantity of herbage available. All the camps were 
burnt dJring the 1983/84 season. Unfortunately no I"Erbage cnalyses llEre 
carried out, but it is likely that the burn affected the quality of 
grass available dJring the 1984/85 season. 
The effect of season Cll the production of summer veld clearly 
affected the economics of rearing heifers at the Thabamhlope Research 
Station. The significant role of compensatory growth in reducing the 
second winter feed costs (therefore the total feed costs) during the 
first season, was not repeated during the second season (Table 7). 
These data serve to emphasize the fact that management decisions aimed 
at optimizing sLlllmer and winter nutritional interactions are possible 
for the producer with a clear understanding of his animals' 
requirements and the factors determining veld production even though 
season is impossible to predict accurately. 
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Reproduction 
Sixty eight percent of the heifers that calved for the first time 
in 1984, produced three calves in three years CJld thirty percent of the 
heifers produced two calves in three years. These reproductive 
performances were achieved despite the fact that the heifers were 
subjected to various experimental treatments following the birth of 
their first calves. Whilst it is not possible to make any predictions 
with regard to the lifetime production of these heifers, the effect of 
poor nutrition during the post-weaner stages does not appear to have 
had any detrimental effect thus far. The fact that all the heifers 
calved within the first 30 days of the calving season dJring both years 
(Tables 10 & 15) is also highly desirable in terms of lifetime 
production (Roberts et a1., 1970; Lesmeister et all., 1973) and is 
furthermore a clear indication that the animals had achieved puberty 
and were cycling (Allden, 1970; Lamond, 1970; Short & Bellows, 1971). 
There was therefore no apparent effect of compensatory, or continuous 
growth rates, IT! the oestrous cycle and conception rate. This is in 
general agreement with the results obtained by Bond and Wiltbank 
(1970). The birth masses of the calves born to heifers reared at 
different growth rates did not differ significantly, which is in 
agreement with the findings of Clanton, Jones & England (1983). 
The high costs of winter feed realized in this study has 
highlighted the need to adopt management strategies aimed at reducing 
winter inputs as far as possible. A major objective of any livestock 
producer in the Highland Sourveld must be, not only to increase animal 
production off summer veld, but also to extend the length of the Sl.JTlTEr 
grazing season without detrimentally affecting either the veld or the 
animal. The time of weaning and the post-weaning management of the 
breeding heifer are therefore critical for the a::crunic survival of the 
beef breeding enterprise. 
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Body condition and performance 
The ability of lactating beef cows, receiving a diet deficient in 
energy, to rrobilize body reserves for milk proruction has been roted by 
several researchers (Ball et a1., 1971; Ecoromides ~ al., 1973) as has 
its significance on the economic efficiency of beef production 
(Somerville et al., 1983). Chestnutt (19B4) found that the energy 
requirements of lactating cows could be reduced by up to one third, 
where energy reserves were built up on grass and mobilized during 
winter. Condition score has been shown to be a better predictor of body 
reserves than live mass, although if animals are of similar body size, 
live mass and body condition provide similar levels of prediction of 
body fat (Guerra ~t al., 1972). 
In investigating the role of condition scoring of beef cows as a 
possible management tool, the objective in this study was to improve 
the overall efficiency of the breeding operation. Particular attention 
was focused on the effect of body condition on reproduction in the 
context of the economic rationing of winter feed. 
The concept of a "target mating mass" based on the principle that 
there is an optimum body mass for successful conception, has been 
supported by a number of researchers (Lamond, 1970; Steenkamp, van der 
Horst & Andrew, 1975; Ward & Tiffin, 1975). According to Richardson et 
ale (1976) the ability of a beef cow to conceive is a function of body 
mass per ~ and not rate of gain between parturition and breeding. The 
target mass concept is dependant upon animals being weighed at regular 
intervals. However, under semi-extensive and extensive conditions cows 
are seldom weighed. This renders a visual appraisal of a cow's 
physiological state particularly useful in such situations, providing 
the method of appraisal is repeatable and reliable. 
A number of methods of estimating the body composition of live 
animals have been investigated. These include the following: (i) 
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Potassium - 40 (40K) liquid scintillation detection (Bennink, Ward, 
Johnson & Cramer, 196B; Lohman, Ball & Norton, 1970; Bel yea, Frost, 
Martz, Clark & Forkner, 1978). (ii) Body uater, on the basis that total 
body water is highly negatively correlated with body fat (Panaretto, . 
1963) by means of tritiated water (TOH) infusion (Carnegie & Tulloh, 
1968; Little & Morris, 1972; Little & McLean, 1981), and deuterium 
oxide (020) dilution (Crabtree, Houseman & Kay, 1974). (iii) Urea space 
which is defined as the amount of water with which urea equilibrates 
(Kock & Preston, 1979; Meisner, van Staden & Pretorius, 1980). (iv) Fat 
probes (Miller, Mersmann, Ferrell & Tatum, 1982; Daley, Tatum & Taylor, 
1983). (v) Ultrasonics (Gillis, Burgess, Usborne, Greiger & Talbot, 
1973) and linear measurements (Klosterman, Sanford & Parker, 1968). All 
these methods, except the last mentioned, require the use of some type 
of specialized equipment which renders them unsuitable for use on the 
farm. 
Condition scoring, although based on a visual subjective ~raisa1 
(Klosterman, et al., 196B; Lowman et al., 1976) has been shown in this 
study to be a highly effective management tool. The technique is both 
reliable and repeatable (Croxton & Stallard, 1976). The significant 
relationship between body condition score at mating and reconception 
rates obtained in this study are of particular importance since it . 
provides the cpportunity to promote "target" condition scores at 
mating. Similar results to those obtained in this study with regard to 
body condition and successful conception have been recorded by a number 
of other researchers (Kilkenny, 1978 ; Mulvaney, 1978; Meaker, 1984). 
The finding in this investigation that the cows in good body condition 
at mating (condition score 3,0 - 4,0) conceived early in the season is 
also of economic and managerial significance. In this context, several 
researchers have noted that body condition at calving t"as a siglificant 
effect on post-partum anoestrous intervals (Wiltbank et 1 1962 2..-., ; 
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Croxton & Stallard, 1976; Graham, 1982). 
Whilst a cow's physical body condition is largely influenced by 
plane of nutrition, the physiological basis for the relationship 
between body condition and fertility in breeding cows is not well 
understood. It has been established that if an animal is sufficiently 
undernourished, cyclic activity may be severely retarded (Hale, 1975; 
Louw et a1., 1988). In both these studies sexual activity recommenced 
at a mass which was significantly higher than the mass at which cyclic 
acti v it y ceased. Symington (1969) has noted that in situations where 
undernutrition is chronic, the lowered reproductive state is 
attributable primarily to depressed gonadotropic function of the 
pituitary. The depressed gonadotropic function is probably due to 
reduced pituitary size rather than the lowered concentrations of 
gonadotropins. In cows where undernutrition is less severe, the exact 
mechanisms that may affect reproductive performance are less clear. 
Wiltbank et ale (1964) and Lamond (1970) have related follicular 
development to nutrient intake. Hill et ale (1970) found that 
short-term undernutrition reduced follicle numbers and plasma 
progesterone levels in beef heifers. A less pronounced nanifestation of 
infertility is silent heat. In such situations, it appears that the 
pre-ovulatory surge of oestrogen is sufficient to stimulate the normal 
release of luteinizing hormone (LH), but is not sufficient to stirrulate 
the prodJction of pheromone and normal oestrus behaviour (TqJps, 1977). 
Hale (1975) found that, in dry cows, as many as 35% of anticipated 
oestrous periods were silent and that in the postpartum period of 
lactating cows, there were two silent heats for every three full /"eats. 
The severe effects of undernutrition on the cyclic activity of 
beef cows as mted by Hale (1975) and Louw et al. (1988) have been 
mentioned above. However, the economic consequences of attempting to 
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improve a cow's body condition significantly during the winter months 
on expensive, conserved forages may be equally serious (Table 19). 
Whilst the importance of an adequate supply of energy immediately 
post-partum is well established (Wiltbank ~t al., 1962, 1964; Dunn et 
a1., 1969; Holness ~t a1., 1978), the results from this study clearly 
show that a cow in poor condition at parturition, crd therefore also at 
breeding, is less likely to conceive than a cow in good condition. Body 
condition at calving, and consequently mating, thus remains one of the 
most important factors influencing successful conception. According to 
Selk et ale ( 1986) , if nutr ient intake after cal v ing is equal, cows 
with extra body reserves will fTEet their caloric reeds for parturition, 
lactation, uterus involution and re-breeding more easily than thin 
cows. It has also been suggested that cows maintaining good body 
condition after parturition have enhanced pituitary and reproductive 
potential regardless of calculated nutr ient requirements. The 
overriding factor which dictates the winter feeding regime in the 
Highland Sourveld is the condition of the breeding cow at the end of 
the sunmer grazing period and at the onset of the winter feeding stage. 
This, in turn, is determined by the management of the animal on summer 
veld, an aspect that was considered in detail in this investigation. 
Effect of stocking rate on animal performance 
The main emphasis has centered around the relationship between 
stocking rate and animal performance. The data obtained show 
unequivocally that both cow and calf performance decline with 
increasing stocking rate. This is in general agreement with the 
stocking rate/animal performance model proposed by Jones & Sandland 
(1974). This model has been widely used in South Africa to determine 
the optimum economic stocking rate for different situations (800ysen, 
Tainton & Foran, 1975; oankwerts & van Rooyen, 1980; Edwards, 1981). 
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Stocking rate is defined as the area of land allotted to each 
speci fied animal with the length of the grazing season also being 
specified (Edwards, 1981). Stocking density on the other hand, is 
defined as the ratio between the number of specified animal units and 
area of land (ha) at any instant in time (Edwards, 1981). The 
speci fication of the length of the grazing season in the Highland 
Sourveld is essential because of the strong relationship between the 
number of grazing days and the economic viability of the enterprise dJe 
to the high cost of feeding during winter. 
Stocking rate is, however, not independent of the grazing 
management procedure, and both aspects should be viewed simultaneously 
(Tainton, 1985). The veld in this investigation was managed according 
to a modified Venter & Drewes (1969) flexicamp system recommended for 
the sourveld areas of Natal. However, this system of veld managffiEnt is 
regarded as sophisticated by the farmers, because of the number of 
camps per herd (eight). In general, effective rotational grazing 
programmes are not widely used (Tainton, 1985). The animal performance 
data obtained from this study must therefore be regarded as being close 
to the optimum for the breed-type used, when viewed in the context of 
the reasonably sophisticated veld management system and the feeding 
regime employed during the winter period. 
Whilst the Department of Agriculture and Water Supply's official 
recommendation with regard to veld management in the sourveld areas of 
Natal is based on rotational grazing using between four c:oj ei91t C8I1lJS 
(preferably eight), there still appears to be divergent views on the 
number of camps required to optimize animal and veld production. 
Undoubtedly, the Department's approach has been based largely on the 
work of Scott ( 1947) , Acocks ( 1 966) and Sooysen ( 1966, 1 969) • The 
multi camp/rotational grazing veld management approach has been largely 
supported by Edwards (19S1) and Tainton (19S1, 19S5). However, the 
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conclusion to be drawn from the research of Denny & Barnes (1977) and 
Denny & Steyn (1977) is that individual animal performance declines as 
the number of camps increases. In a review of experiments comparing 
sy~tems of grazing management on natural pastures, Garrron (1978), fOLnd 
that fewer than half the rotational grazing systems resulted in p3sture 
improvements relative to continuous grazing and that alimal IErformance 
was either similar to or poorer than results achieved under continuous 
grazing. 
Stocking rate remains the most important single factor in grazing 
management affecting animal production from grass (Edwards, 1981). The 
criteria for choice of stocking rate are both diverse and complex. In 
the beginning of the season, when herbage may be plentiful, the pasture 
might be understocked, although the same stocking rate mid-way through 
the season and at the end of the grazing season, may impose severe 
demands on the animal as well as the pasture (Mar ley, 1981). There is 
therefore no "best" stocking rate, but a range of stocking rates that 
will be economically optimum in terms of animal IErforrrance ald herbage 
production. Although dry matter intake, digestible energy and 
digestible protein are the major factors affecting the production of 
grazing animals (Raleigh, 1970), the complexity of the grazing 
si tuation prevents the simple calculation of stocking rate based en dry 
matter available from a particular pasture. The methods of estimating 
dry matter production from veld and the dry matter intakes of grazing 
animals have been researched for many decades, and, as yet, no rrethod 
has been shown to provide complete, reliable answers to this highly 
complex situation (Fontenot & 81aser, 1965; Freer, 1981; Waldo, 1986). 
Forage organic matter intake (OMI) or dry matter intake (DMI) are 
often expressed relative to body mass (Langlands, 1968), or as a 
percentage of body mass (Engels & Malan, 1973; Cordova et al., 1978). 
Intake by grazing animals varies with some function of body mass 
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(Cordova, ~t al., 1978), and when differences in live mass result from 
age, breed or previous level of nutrition, no single relationship may 
be generally acceptable (Langlands, 1968). It is largely because of 
such discrepancies that many researchers have expressed intake per Lflit 
of metabolic body mass. However, the exponent which provides the best 
fit to experimental results varies from 0,43 (Holmes, Jones & 
Orake-8rockman, 1961) to 1,0 (Weston, 1959; Hadjipieris, Jones & 
Holmes, 1965) • The literature suggests that the most commonly used 
exponents are 0,73 - 0,75 (Cordova et al., 1978) Because of the 
different classes of animals within each treatment in this study, 
metabolic mass has been used to compare differences in mass between 
treatments. Total metabolic mass declined over the seasons at the high 
stocking rates (1,25 and 1,67 cows and calves/ha), but remained 
relatively constant over the seasons at the lighter stocking rates 
(0,83 and 1,0 cows and calves/ha). The correlation between stocking 
rate and the increase in calf metabolic mass over a season was 
curvilinear (Figure 11). The trend in metabolic mass gain for ·the cows 
was similar to that recorded for the calves (Figure 12). 
The very high stocking rate (1,67 cows + calves/ha) produced the 
greatest quantity of weaned beef per hectare, rut, after four years the 
mean weaning mass had declined to 130 kg and the grazing season had 
been reduced to 124 days. The cows were also in very poor condition 
(condi tion score - 1,73) at the end of the grazing season. This was 
clearly a highly undesirable and uneconomical situation. Furthermore, 
the condition of the veld declined to such an extent that the treabrent 
was terminated after four years. The rapid change in veld composition 
towards a less desirable situation, occurred despite a recOOTTErded veld 
management progranme being applied which emphasizes the importance of 
stocking rate. The cows were in good condition at the start of the 
grazing season, a factor which indicates the degree of stress the aJWS, 
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calves and the veld were subjected to. According to extension 
personnel, there are relatively few farmers operating at these 
excessively high stocking rates. Unfortunately, it is sometimes 
be~ieved that high stocking rates can be employed successfully if a 
urea-based lick is freely available to the animals. The data obtained 
in this study show conclusively that the provision of a urea-containing 
lick failed to increase either cow or calf performance at a very high 
stocking rate. In all four seasons the cows with access to the 
urea-based lick produced weaners on average 7 kg lighter (NS) than the 
~-
cows that had access to the urea lick only after the 15 th of February. 
Dry matter intakes were clearly insufficient to meet even the cows' 
maintenance requirements at the very high stocking rates. 
Gains of cattle on low quality forages have generally been 
improved with urea-molasses licks, but not with roolasses alone. It 
would appear therefore, that protein is the first limiting factor 
(8eames, 1959). This viewpoint is supported by Capper et a1. (1977) , 
who concluded that in southern Africa, crude protein, and not energy, 
is the major limiting factor. Protein supplementation ras been stDliIl to 
improve performance of beef cows consuming low-quality roughages 
(Clanton & Zimmerman, 1970; Clanton, 1978). Supplementation in the form 
of NPN has not supported li vemass gains equal to that of natural 
protein supplements (Rush & Totusek, 1976; Clanton, 1978; CkEns et al., 
1980). The cost of NPN licks has, however, generally made them 
attractive, although the cost per unit of protein is probably not 
cheaper than natural proteins. The efficient utilization of urea is 
dependent upon a readily available source of carbohydrates (Skinner, 
1964; Satter & Slyter, 1974; Rush & Totusek, 1976), tJU.ch will increase 
the costs of urea licks further unless, the herbage source is high in 
energy. 
At the low stocking rate (1,0 cow + calf /ha) the provision of a 
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urea lick did not improve calf performance, but could be economically 
justified under the conditions prevailing at the Research Station; viz. 
lower winter feed costs due to improved cow condition (Table 33). There 
is little doubt that, because of the lower stocking rate, the cows in 
Tr.2 and Tr.3 (1,0 cow + calf/ha) were better ctJle to satisfy their dry 
matter intakes than the cows in Tr.5 and Tr.6 (1,67 cows + calves/ha). 
Whilst urea utilization at both stocking rates may have been equally 
poor , it is possible that it was sufficient to cause an increase in 
appeti te which could be satisfied at 'the lower, but not at the higher, 
stocking rate. 
The method of weaning calves on the basis of their dan's mndition 
proved to be useful lJ1der sourveld conditions, particularly at the 
higher stocking rates. As the calves at the low stocking rate terded to 
lose mass after 200 days on veld, there I.llJlJld appear to be ro reason to 
maintain them on veld after this period irrespective of the condition 
of their dams. The decline in mass after 200 days can be ascribed to 
the low milk production of the CXlW at this stage (6 - 8 months) and the 
decline in the quality of the veld after April. In a stl . dy in lIilich the 
milk production from cows of the same genetic background as those used 
in the sourveld study, was determined, Louw (1984) found that on 
intensive pastures, Simmentaler cows produced between 2,8 and 5,8 1 of 
milk per day, depending on stocking rate, after 200 days on pasture. 
These cows were then at the same stage of lactation as the cows in the 
Sourveld study. The masses of the calves on intensive pastures also 
declined at the high stocking rates after 200 days on pastures, as in 
the veld situation. The requirements for maintenance for a 100 kg calf 
is 5,5 1 per day (Roy, 1980). It is therefore not surprising that the 
calves lost mass after 200 days on veld. 
The inflexibility of the experimental design prevented the calves 
from being weaned separately, or in batches. Under practical farming 
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conditions, particularly at high stocking rates where peak masses are 
likely to occur before 200 days on veld, weaning on the basis of the 
dams' condition score (between 2,25 and 2,5) is recommended. The 
i~portance of stocking rate on calf performance is emphasized by the 
fact that 40% of the total variation in calf gain was ascribed to 
stocking rate (Table 32). In the case of the cows, stocking rate 
accounted for 45,5% of the total variation in cow gain between the 
ini tiation of grazing and weaning. These figures become more 
significant when viewed in the light of the simple economic model 
analysed in this investigation. There was a R292 difference in return 
per hectare between the very high stocking rate and the low stocking 
rate treatments. 
The current high beef prices make overstocking attractive, in the 
short-term. If cheap sources of winter feed are available, then high 
stocking rates become even more economically viable. There is little 
doubt that this will be achieved at the expense of the veld. It should 
be noted that such situations are likely to occur even when accepted 
and recommended veld management principles are applied. 
The finding in this investigation that lactating first calvers 
produced weaners, at least as heavy, and on average heavier (and 
older), than the weaners raised by the mature cows, was noteworthy. Of 
equal importance however, was the fact that the first calvers produced 
weaners in excess of 200 kg and yet were in similar body condition to 
the mature cows at the termination of grazing (Table 42). The first 
calvers therefore did not require significantly more winter feed 
because of a poorer body condition. These data have important 
implications from an animal production and veld management viewpoint. 
The possibility of combining first calvers and mature cows SLCcessfully 
in a single herd on veld, will reduce the total number of camps 
required to conduct an effective veld management system. HCXiever, it is 
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important that the factors contributing to the good performances of the 
first calvers are clearly understood. 
In this study the first calvers were mated 3 - 4 weeks prior to 
the main breeding herd. At parturition, the heifers were in good body 
condition and a high level of nutrition was maintained dJring the early 
postpartum period. These cows were therefore probably able to realize 
their potential milk production levels. At the start of the grazing 
season, the calves born to the first calvers were on average 3 - 4 
weeks older than the calves born to the nature cows. The calves born to 
the first calvers were, on average, 70 to 80 days old at the start of 
the grazing season. These calves therefore had access to a milk supply 
that was not influenced by plane of nutrition dJring the first 2,5 to 3 
months, and were able to start grazing at a stage when the veld was 
relatively succulent and at its most nutritious. The early calves were 
therefore clearly able to adapt to the veld conditions better than the 
calves born later. It could be argued that the cost of feeding the 
heifers during the late winter period could not be justified 
economically. However, the relatively small number of animals involved 
(20% of the breeding herd), and the improved chances of early 
reconception should outweigh the additional feed costs. 
According to Holness et ale (1978), postpartum anoestrus is 
lengthened by a thin body condition and poor nutrition. Harwin, Lamb & 
8isschop (1967) have suggested that the postpartum anoestrus, or 
lactational anoestrus, period is particularly evident in the case of 
three year-old cows with their first calves at foot. The data obtained 
in this study indicate that the longer postpartum period prior to the 
mating season for the first calvers allowed sufficient time for the 
cows to recover physiologically before going to the b...Jll for the seccn:j 
time. The first calvers achieved reconception rates as high as those 
attained by the mature cows (Table 49). Topps (1977) has suggested that 
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first calvers are a problem in terms of reconception rrainly because the 
requirements for growth and lactation place two demands on the animal 
which limit reconception. Furthermore, the data obtained from this 
st~dy indicate that the first calver, because it is still not mature, 
should not be unduly stressed on veld, and that weaning should occur 
before the cow suffers significant mass losses. 
Whilst the factors discussed above certainly contributed to the 
high productivity of the first calvers, the question was posed whether 
any other factors were involved. The possibility of the heifers being 
genetically superior was discounted on the basis that no artificial 
insemination was carried out, and that, because of the conditions 
prevailing at the Research Station, the breeding herd was, to a large 
extent, closed. Bulls bred on the farm rave been used for the past four 
seasons and the major it y of the "imported" bulls were between 7 and 11 
years of age and not considered to be genetically superior to any of 
the other bulls on the farm. Furthermore, the cows used during the 
second phase of the experiment were almost pure Simmentaler (three 
quarters to seven eighths). The progeny of these cows (first calvers) 
therefore did not contain significantly more Simmentaler genes than the 
mature cows. The possibility that the younger cows were more efficient 
grazers was considered and two behavioural studies were subsequently 
initiated to investigate the grazing behaviour of the two classes of 
cows at different stocking rates. 
Behaviour of the cows on summer veld 
The finding that there was no significant difference in the time 
spent grazing (within the periods of observation) between the first 
calvers and the mature cows is of considerable interest. These results 
are at variance with those of Hodgson & Wilkinson (1967) urn found that 
the time spent grazing was inversely related to the age of the a~imal. 
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Intake relative to body mass would be higher for the younger animals 
than the older cows, if the animals all red the same bite size ald bite 
rate. Bite rate was not measured in this investigation, but it can be 
assumed that the smaller first calvers had smaller bite sizes and that 
intake per unit of time was, therefore, lOliBr for the first calvers. It 
was not possible to ascertain whether the relative increase in time 
spent grazing was offset by the smaller bite size. The fact that the 
first calvers were apparently able to meet their nutritional 
requirements for high production (as reflected in > 200 kg weaners), 
suggests that these animals utilized the available feed resources 
effectively. 
The question of nutritional wisdom in animals is often debated 
(Arnold, 1985). There is however, little doubt that grazing animals 
have preferences for certain grass species and will select young 
material as opposed to old, and leaf as ClJpJsed to stem. Hafez & Schein 
(1962) have suggested that the degree of selective grazing is 
negatively correlated with the age of the animal. An important finding 
in the sourveld study was that, at the low stocking rate, unere grazing 
was plentiful, the animals were more randomly distributed throughout 
the camps, than at the high stocking rates, or when grazing was 
limited. A shortage of available herbage resulted in all the animals 
grazing in a smaller, more uniform unit. It was particularly under the 
more stressful grazing conditions that clear patterns of 
leadership/followership emerged. A trend in which the first calvers 
established the grazing patterns in all three treatments was 
consistently noted by all the observers. One might assume that animals 
in front of the herd would have had the opportunity to select the more 
desirable grass species and therefore attain higher levels of 
production. 
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Whilst the bigger mature cows were dominant at the lick troughs 
and where drinking space was limited, the first calvers showed apparent 
leadership tendencies during the grazing phases. No agcnistic behaviour 
between the two classes of cows was noted during any of the 
observations. Hafez & Schein (1962) have suggested that under grazing 
conditions, animals with lower cohesive tendencies nove auay fran their 
neighbours, who, if having high cohesive tendencies, will follow. 
According to Bennett & Holmes (1987) , animals ranked low socially 
maintain more distance between themselves and the closest alimal Iillilst 
grazing. In a study by Wagnon, Loy, Rollins & Carroll, (1966) 
subordinate animals generally remained on the periphery, whereas the 
dominant animals made up the nucleus. It is possible that, in the study 
carried out at the Thabamhlope Research Station, the first calvers were 
in effect attempting to establish "space" between themselves and the 
more daninant animals and that this behavioural pattern I!BS interpreted 
by the observers to be a leadership situation. However, a genuine 
leadership/followership situation appears more likely since no attempt 
to create a minimum distance during resting periods was observed. 
This study has highlighted both the interaction between the 
grazing animal and its environment and the impact of the grazing 
environment on the productivity of the animal. A clear understarding of 
these interactions is necessary to promote the optimal utilization of 
the natural resources whilst simultaneously improving the economic 
viability of the enterprise. 
This series of investigations will have been futile if the results 
are rot passed on to the farmer. According to Joubert (1983) the 
advantages of research cannot be realized unless the accompanying new 
technology is acceptable and can be applied. He corcludes that research 
rust take into account the farmers' requirements cnj situations as well 
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as the well-being of the population as a whole. In South Africa a large 
mass of agricultural r esearch is never put into practice (Bembridge, 
19B5). In this context, it has been estimated that, based on existing 
kr;owledge, the potential increase in gross margin per LSU for beef 
production in Natal, is in the region of 75% (Bembridge. 1985). The 
problem is universal. Indeed, agriculture holds a unique position in 
being the area of human endeavour with the greatest gap betllEen readily 
available knowledge and that which is actually being used (Al-Sudeary, 
1982). The problem lies in effective communication: how knowledge can 
best be conveyed from the researcher to the farmer. This is the main 
challenge facing extension people, however, extension workers and 
advisers interested in effecting change, should be prepared not only to 
keep up with changes, but also be willing to change themselves 
(Bembridge, 1985). 
The National Grazing Strategy (NGS), formulated by the Department 
of Agriculture and Water Supply, 'has increased the need for closer 
cooperation between research and extension workers. The credibility of 
the research/extension segment of agriculture, in the eyes of the 
farmer, is to a large extent dependent upon researchers and extension 
personnel presenting a common extension message. A structured, unified 
approach is necessary if large programmes, such as the NGS, are to be 
successful. The Natal Region in particular has undertaken a number of 
"liaison/ information" days where the identification of grass species 
and their role in veld management are discussed. However, a systems 
approach is once again essential. F or example, al though the 
identi fication of grasses is necessary and important, this aspect is 
only part of the production system, and it is therefore important that 
the broader implications and benefits are clearly outlined. The 
emphasis nust be placed on the economics of the system in conjunction 
wi th conservation aspects rather than on conservation alone. Efficiency 
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The effect of three winter nutritional levels on subsequent summer 
performance of weaner/replacement Simmentaler heifers when stocked at 
three stocking rates over four seasons was investigated. The results 





from the two previous seasons have already been presented (van 
1984). The three winter nutritional levels were constantly 
to achieve growth rates of -0,1 kg/day, +0,25 kg/day and +0,5 
The three summer stocking rates were 0,75, 1,0 and 1,25 AU per 
hectare. Summer grazing generally commenced in November and was 
terminated in May each year. The heifers were fed during the second 
winter so as to achieve a target mating mass of 340 kg by mid-October. 
The study was carried out at the Thabamhlope Research Station which is 
situated at an altitude of 1450 m above sea level, within Bioclimate 4e 
in the Province of Natal, RSA. 
The main findings and conclusions were: 
1. The mean annual rainfall over the four year experimental period was 
822,7 mm which was 75,6% of the long-term mean. Approximately 72% of 
the mean annual rainfall was recorded between November and March. The 
mean maximum temperature was 21,7°C and the mean minimum temperature 
6,1°C. Season did not significantly affect mean maximum and mean 
minimum temperatures. 
2. During the 1984/85 season, both the winter nutritional level and 
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stocking rate ~ffected the performance of the heifers on summer veld. 
The heifers wintered at the low level had significantly (P<O,01) higher 
ADG's at all three summer stocking rates, than the heifers wintered at 
~he medium level, which in turn had significantly (P<O,01) higher ADG's 
than the heifers wintered at the high level. 
3. During the first season, the heifers at the low stocking rate 
attained significantly (P<O,01) higher ADG's than the heifers stocked 
at the high stocking rate, irrespective of tne winter nutritional 
level. 
4 The heifers wintered at the low level during the second winter, 
achieved significantly higher (P<O,01) growth rates on summer veld than 
the heifers wintered at the medium and high levels. There was generally 
no difference in summer growth rates between the latter two groups, 
except at the light stocking rate. 
5. There were generally no stocking rate related differences in 
performance between the various treatments, during the second season. 
6. It was concluded that full compensatory growth was possible during 
the first season because the camps had benefitted from a full season's 
rest. During the second season, the camps were only rested during the 
winter months, prior to the onset of the grazing season, and 
consequently there was less herbage available during the 1985/86 
season, a factor which affected the performance of the heifers. 
7. During the first season, the heifers wintered at the low level and 
subsequently stocked at a low stocking rate, realized the lowest total 
? 
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feed costs R58,13. The highest feed costs were attributed to the 
heifers wintered at a low level and subsequently stocked at a high 
stocking rate - R122,84. 
8. The heifers wintered at a medium level and subsequently stocked at a 
low stocking rate, during the second season, realized the lowest feed 
costs R79,44, whereas the heifers wintered at the low level and 
subsequently stocked at a high stocking rate, incurred the highest feed 
costs - R117,59. 
9. It was concluded that heifer rearing in the Highland Sourveld is 
predominantly an economic issue and that a conservative approach should 
be adopted ie. mass gains in the region of 0 - 0,25 kg/day during the 
first winter, followed by a low stocking rate (0,75 AU/ha) on summer 
veld. 
10. A total of 106 heifers were utilized in the experiment during the 
1984/85 season. Of these; two were culled and three died of natural 
causes; one hundred and one were mated; 97 (96%) were diagnosed 
pregnant and 95 (94%) calved. 
11. All the heifers calved within the first 30 days and 20 days of the 
first and second calving seasons respectively. This implies that the 
time of conception was not affected by treatment. 
12. Thirty of the 44 heifers that calved for the first time in 1984, 
produced three calves in three years. Thirteen heifers (30%) produced 
two calves in three years. The data suggests that there was no effect 




The role of condition scoring as a management tool in the Highland 
Sourveld was investigated using both mature cows and first-calf 
heifers. The study examined the role of condition scoring in improving 
the reproductive performance of beef cows whilst simultaneously 
optimizing the use of available feed during both winter and summer. 
The following data are highlighted: 
1. The study underlined the importance of the body condition of the 
breeding cow at both parturition and mating with respect to subsequent 
reproductive performance. 
2. The highest conception rates were achieved when the condition of the 
cow at mating was between 3,0 and 3,5. Only 8% of the cows conceived 
with a condition score of 1,5 at mating. A target condition score of 
3,0 - 3,5 at mating is therefore recommended. 
3. Cows, with a condition score of 3,5 at mating, had mean conception 
dates 18 to 20 days earlier than cows mated at a condition score of 
2,0. 
4. The condition score of the cow at the beginning of winter did not 
affect the birth mass of the calf. 
5. Cows, with a mean condition score of 1,5 at the start of the winter 
feeding period, achieved a condition score of 3,0 after 85 days, 
270 
whereas, a cow with an initial condition score of 2,0 required an 
average of 49 days to reach a condition score of 3,0. The cows with an 
initial condition score of 1,5 incurred feed costs of R108 as opposed 
to the cost of R54 realized by the CQ~S with an initial condition score . 
of 2,0. There was no difference in feed intakes or feed costs between 
pregnant and non-pregnant cows. 
6. Mature cows required significantly (P<0,05) less time to improve 
their condition score from 2,0 to 3,0 than the first calvers. During 
this time the mature cows gained significantly (P<0,05) more mass 
(55,32 kg vs. 38,18 kg). 
7. In improving their condition from 1,5 to 3,0, the first calvers 
consumed significantly (P<0,01) more dry matter at a higher cost 
(R10/head) than the mature cows. 
8. Condition scoring was shown to be an effective management tool for 
improving conception by the efficient utilization of the available 
feed. 
Chapter 3 
In this study, the effect of stocking rate and lick supplementation 
on the performance of various classes of beef cows and their progeny 
was investigated. The experiment commenced in 1978 and was terminated 
in 1987. The study was conducted in two phases. During the first four 
year phase, four stocking rates were applied. A total of 180 cows and 
calves were involved each year. During the second five year phase, 120 
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cows and calves were used and three stocking rates were applied. The 
stocking rates were: 0,83 cows + calves/ha (Tr.1), 1,0 cow + calf/ha 
(Tr.2), 1,25 cows + calves/ha (Tr.4) and 1,67 cows + calves/ha (Tr.5). 
,The very high stocking rate was terminated after the first phase of the 
trial. Two stocking rates were duplicated to test the effect of a 
urea-based lick. From the onset of grazing until the 15th of February, 
the animals in Tr.1, Tr.2, Tr.4 and Tr.5 had access to a mineral lick 
and the cows in Tr.3 and Tr.6 received the urea based lick. All the 
animals received the urea lick from the 15th of February until they 
were removed from th~ veld. Grazing was terminated when the mean 
condition scores of the dams declined to 2,0. Each treatment was 
terminated separately. 
The main findings and conclusions were: 
1. Mean minimum temperatures varied by less than 1°C and mean maximum 
temperatures by less than 1,50 C between seasons. Sub-zero mean minimum 
temperatures were recorded during June and July every year of the 
experiment. It was concluded that the wind-chill factor would have 
reduced the effective ambient temperatures during May, June, July and 
August to a level where they would have significantly affected animal 
performance. The mean annual rainfall during the study period was 928 
mm, which was 85,3% of the long-term mean. 8etween 66% and 82% of the 
total annual rainfall was recorded between November and March each 
year. 
2. In any particular treatment, the total metabolic mass per hectare 
varied by less than 6 kg between seasons which indicates the 
consistency o~ the stocking rates applied. Total metabolic mass per 
hectare increased over the first four seasons at the low stocking 
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rates, but declined at the high stocking rates. The increase in calf 
metabolic mass was curvilinear. 
3. Stocking rate was by far the most important factor affecting cow 
performance, accounting for 45,5% of the total variation (P<0,001). 
Initial mass accounted for an additional 9,8% of the variation 
(P<0,001). A total of 56,8% of the total variation was accounted for. 
Season, calf gain and the number of days post-partum accounted for less 
than 1,5% of the total variation. 
4. Thirty nine percent (P<0,001) of the variation in calf gain on 
summer veld was attributed to stocking rate. Season contributed a 
further 3,6% of the total variation. Initial mass, cow mass change and 
age of the calf at the start of the grazing season contributed only 
0,8% of the total variation. A total of 44,4% of the total variation 
was accounted for. 
5. During the first phase of the experiment, the cows that had access 
to the urea lick during the first 100 days on veld (Tr.3) had 15,85% 
higher 
lick 
condition scores than the cows that had access to the mineral 
(Tr.2). 
an additional 
Theoretically, this improved condition score represented 
43 days of grazing. During the second phase of the 
experiment, the difference in condition score between the cows in Tr.2 
and Tr.3 represented a theoretical, additional 24,4 days of grazing. In 
economic terms, the saving in winter feed costs for the 
urea-supplemented cows amounted to R11,50 per head. 
6. At the very high stocking rate (Tr.5 and Tr.6), there was no 
improvement in either the growth rate or condition score for those cows 
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with access to the urea- based lick. The provision of a urea-based lick 
at such high stocking rates was therefore economically disastrous. 
7. The responses of the first calvers, with access to the urea-based 
lick, was similar to that of the mature cows in terms of improved mass 
gains and higher condition scores. However, the advantages of providing 
the urea lick to the younger cows were not sufficient to be 
economically justifiable. 
8. At the light stocking rates, there was no apparent justification for 
maintaining calves on veld for longer than 200 days. However, at the 
high stocking rates, weaning on the basis of the da~'s condition was 
preferable. It is suggested that weaning should occur when the mean, or 
individual, cow condition is between 2,3 and 2,5. Cow condition should 
not be allowed to fall below 2,0. 
9. There was very little difference in maximum mass (theoretical 
weaning mass) between the calves born to the mature cows and those born 
to the first calvers. The calves born to the mature cows, however, had 
slightly higher ADG's until weaning. 
10. The good peformances of the calves born to the first calvers is 
ascribed to the fact that they were born 3 - 4 weeks earlier than the 
calves born to the mature cows and consequently were able to utilize 
the veld more efficiently at any comparable stage of grazing. Secondly, 
because the first calvers calved earlier, when good quality feed was 
freely available, they were able to realize their milk production 
potential. 
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11. The mean length of the grazing season for Tr.1, Tr.2, Tr.4 and Tr.5 
was 220, 210, 194 and 177 days respecti vel y. The very high stocking 
rate treatment was terminated after four years because of a decline in 
the composition of the veld as well as a significant decline in animal 
performance 
12. The highest returns per hectare recorded by the low stocking rate 
treatment (0,83 cows plus calves per hectare) and the IOllEst returns at 
the very high stocking rate. 
13. Veld condition assessments indicated over utilization in all the 
treatments. The higher the stocking rate the greater the mange in VCS. 
Chapter 4. 
The grazing behaviour of first calvers and nature cows on veld at 
different stocking rates was observed over two consecutive seasons. The 
study concentrated on the social interactions as well as the grazing 
behaviour of the two classes of cows in an attempt to clarify the good 
performance of the first calvers. A representative sample (20%) of the 
animals were clearly marked and observed. A total of six observations 
during the first season and nine during the second season were 
undertaken. The observations were carried out betlJ.E8n OBhOO and 16hOO. 
The main findings were: 
1. In neither of the two seasons did anyone class of cow graze for 
significantly longer periods than the other. 
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2. The time spent grazing increased over the season but varied 
according to camp size. The increase in grazing time over the season 
wa? lower in the small camps than the large camps. 
3. At the start of the first season, there were strong associations 
between the first calvers and the mature cows in Tr.1 and Tr.2 whilst 
grazing in Tr.4 appeared to be random. At the end of the season there 
were strong associations between the two classes of cows in all three 
treatments. 
4. At the start of the second season, there were strong associations 
between the first calvers and the mature cows in all three treatments. 
At the end of the grazing season, the two classes of cows in Tr.4 
grazed further apart. It was concluded that, as the grazing pressure 
increased, social interactions declined in importance. 
5. As the days shortened, the intervals between grazing periods 
decreased until the end of May when grazing activity became continuous 
within the periods of observation. This situation was largely a 
response to the declining quantity and quality of herbage. 
6. A clear leadership/followership pattern was observed in the grazing 
behaviour. In all three stocking rates, the first calvers were seen to 
establish the grazing patterns and the mature cows followed. 
7. No agonistic behaviour was noted whilst the animals were grazing. 
but several cases were observed at lick troughs where space was 
limited. In such situations the larger mature cows dominated the first 
calvers. 
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8. There was a decrease in the time spent suckling during the day and a 
decline in the suckling activity over the season. There was no 
significant difference between the first calvers and the msture cows in 
the time spent suckling their calves. 
9. Alloparental care was noted on several occasions in the early part 
of each grazing season. 
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Appendix 1. Quartic equations from which the lactating cows' growth curves 
were derived. First phase of experiment. 
y = bO + blX + b2X2 + b3X3 + b4X" 
y= mean animal mass X ~ days from start of trial 
Tr. 1 Tr. 2 Tr. 4 Tr. 5 
Season: 1978/79 
bO = 413,664 409,045 410,366 420,844 
bl = 1,449 0,545 1,018 0,269 
b2 = -0,0271 -0,0099 -0,0213 -0,0082 
b3 = 0,00020 0,00009 0,00018 0,00008 
b4 = -0,0000005 -0,0000002 -0,0000005 -0,0000002 
R = 0,8800 0,9475 0,9485 0,6178 
Season: 1979/80 
bO = 453,498 451,054 455,361 441,643 
bl = 0,5687 0,1851 -0,2113 0,1865 
b2 = -0,01363 -0,01054 -0,00006 -0,01237 
b3 = 0,00013 0,00012 0,00004 0,00013 
b4 = 0,0000003 -0,0000004 -0,0000001 -0,0000004 
R :. 0,9485 0,9656 0,9710 0,8403 
Season: 1980/81 
bO = 427,665 408,944 417,628 414,901 
bl = 1,2831 1,1460 1,1276 0,4140 
b2 = -0,01988 -0,02734 -0,02702 -0,01937 
b3 = 0,00015 0,00025 0,00023 0,00021 
b4 = -0,0000004 -0,0000007 -0,0000006 -0,0000006 
R = 0,9735 0,9132 0,9521 0,7643 
Season: 1981/82 
bO = 396,276 403,369 400,7676 398,483 
bl = 1,0637 -0,3739 -0,1818 -0,2167 
b2 = 0,01185 0,01164 0,00019 -0,01644 
b3 = 0,00008 -0,00007 0,00006 0,00031 
b4 = -0,0000002 0,0000001 -0,0000003 -0,0000014 
n "" ..... ----
I 
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Appendix 2. Quartic equations from which the lactating cows' condition 
score curves were derived. First phase of experiment. 
Y = bO + blX + b2X2 + b3X 3 + b4X4 
Y = mean condition score value X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 Tr. 5 
'Season 1979/80 
bO = 3,1625 2,8952 3,0956 2,7991 
bl = 0,00380 0,01075 -0,00261 0,00734 
b2 = -0,000128 0,000220 0,000043 -0,000188 
b3 = 0,0000013 -0,0000016 -0,0000003 0,0000016 
b4 = -0,000000004 0,000000003 0,000000005 -0,000000005 
R = 0,8420 0,7725 0,8606 0,8977 
Season 1980/81 
bO = 2,8723 2,7007 2,8425 2,6909 
bl = 0,01440 0,01432 0,03831 0,00722 
b2 = -0,000300 -0,000494 -0,000184 -0,000462 
b3 = -0,0000024 -0,0000043 -0,0000016 -0,0000042 
b4 = -0,000000006 -0,000000011 -0,000000004 -0,00000001 
R = 0,6993 0,8476 0,9248 0,9569 
Season 1981/82 
bO = 2,5032 2,6822 2,3158 2,5932 
bl = 0,00122 -0,02086 0,00375 -0,01968 
b2 = 0,000196 0,000435 -0,000093 0,000127 
b3 = -0,0000015 -0,0000028 0,0000012 0,0000011 
b4 = 0,000000003 0,000000006 -0,000000005 -0,00000001 
R = 0,9361 0,7119 0,7659 0,8539 
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Appendix 3. Quartic equations from which the calf growth curves were 
derived. First phase of experiment. 
Y = bO + blX + b2X2 + b3X3 + b4X" 
Y = mean animal mass X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 Tr. 5 
Season 1978/79 
bO = 63,8533 62,0044 65,7120 66,0959 
bl = 0,72106 0,74621 0,70341 0,7132 
b2 = 0,0009l3 -0,003512 -0,001674 -0,00307 
b3 = -0,0000099 0,0000411 0,0000308 0,000032 
b4 = 0,00000002 -0,00000013 -0,00000012 -0,0000001 
R = 0,9989 0,9997 0,9977 0,9978 
Season 1979/80 
bO = 72,5974 74,8005 81,8249 69,6380 
bl = 0,64865 0,80976 0,56237 0,97132 
b2 = -0,000298 -0,005491 0,004447 -0,009526 
b3 = 0,2246179 0,0000683 -0,0000228 0,0000881 
b4 = -0,00000096 -0,00000022 0,00000003 -0,00000025 
R = 0,9988 0,9958 0,9993 0,9987 
Season 1980/81 
bO = 74,8656 67,8167 67,8340 70,2925 
bl = 0,77456 0,00512 0,54111 0,51285 
b2 = -0,000691 0,001603 0,001225 0,000123 
b3 = 0,0000214 0,0000097 0,0000024 0,0000095 
b4 = -0,00000009 -0,00000077 -0,00000032 -0,00000006 
R = 0,9990 0,9983 0,9982 0,9962 
Season 1981/82 
bO = 64,4501 65,3936 68,7348 67,6056 
b1 = 0,83459 0,51028 0,36951 0,24817 
b2 = -0,000422 0,003662 -0,000358 -0,007493 
b3 = 0,0000085 -0,0000157 -0,0000253 -0,0000829 
b4 = -0,00000004 0,00000001 -0,00000009 0,00000032 
R = 0,9988 0,9992 0,9978 0,9938 
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Appendix 4. Quartic equations from which the mature lactating cows' 
growth curves were derived. Second phase of experiment 
Y = hO + blX + b2 X2 + b3 X' + b4 X4 
Y = mean animal mass X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 
Season: 1982/83 
bO 425,903 422,653 424,489 
bl 0,3659 - 0,0805 0,3038 
b2 - 0,00292 - 0,00114 - 0,00225 
b3 0,000036 0,000036 - 0,000011 
b4 - 0,0000001 - 0,0000002 - 0,00000004 
R = 0,9645 0,9356 0,7060 
Season: 1983/84 
bO 458,693 442,411 456,292 
bl 0,5629 0,9267 0,9068 
b2 - 0,00053 - 0,01343 - 0,01687 
b3 - 0,000005 0,000108 0,000133 
b4 - 0,00000002 - 0,0000003 - 0,0000004 
R = 0,9786 0,9650 0,8364 
Season: 1984/85 
bO 454,112 478,632 464,960 
bl - 0,0825 - 0,3364 0,5321 
b2 0,00210 - 0,00035 - 0,01963 
b3 0,000002 0,000062 0,000201 
b4 - 0,00000005 - 0,0000003 - 0,0000006 
R = 0,9560 0,9268 0,7768 
Season: 1985/86 
bO 457,945 450,732 468,330 
bl 0,5625 - 0,1614 0,3906 
b2 - 0,00331 0,010906 0,00897 
b3 0,000020 - 0,000070 - 0,004249 
b4 - 0,00000007 0,0000001 0,00000002 
R = 0,9583 0,9800 0,9560 
Season: 1986/87 
bO 492,961 476,391 487,793 
bl - 1,1494 - 2,2288 - 2,0695 
b2 0,02542 0,04198 0,03741 
b3 - 0,000l30 - 0,000251 - 0,000225 
b4 0,0000002 0,0000005 0,0000004 R = 0.R1'1R n 70nn ('\ ,OLe... 
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Appendix 5. Quartic equations from which the lactating mature cows' 
condition score curves were derived. Second phase of experiment. 
Y = bO + blX + b2X 2 + b3X 3 + b4X 4 
Y = mean condition score change X = days from start of trial 
Tr. 1 Tr. 3 Tr. 4 
Season: 1982/83 
bO 3,344 3,147 3,194 
bl - 0,0106 - 0,0124 - 0,0095 
b2 0,00009 0,00013 0,00003 
b3 - 0,0000002 - 0,0000004 0,0000005 
b4 - 0,0000000006 - 0,0000000003 - 0,000000003 
R = 0,9586 0,9384 0,9124 
Season: 1983/84 
bO 3,229 2,859 3,058 
bl 0,0023 0,0036 0,0018 
b2 - 0,00008 - 0,00008 - o,ooon 
b3 0,000001 0,000001 0,000001 
b4 - 0,000000004 - 0,000000004 - 0,000000004 
R = 0,9884 0,9792 0,9582 
Season: 1984/85 
bO 2,972 2,948 2,790 
bl - 0,0003 0,0070 0,0087 
b2 0,00008 - 0,00019 - 0,00021 
b3 - 0,0000005 0,000002 0,000002 
b4 0,0000000008 - 0,000000005 - 0,000000005 
R = 0,9604 0,9804 0,9409 
Season: 1985/86 
bO 2,972 2,980 3,354 
bl 0,0036 - 0,0029 - 0,0028 
b2 - 0,00008 0,00004 - 0,00005 
b3 0,0000007 - 0,000014 0,0000008 
b4 - 0,000000002 - 0,0000000003 - 0,000000003 
R = 0,9399 0,9932 0,9934 
Season: 1986/87 
bO 2,862 2,830 2,973 
bl - 0,0005 - 0,0056 - 0,0033 
b2 - 0,00001 0,00012 0,00005 
b3 0,0000005 - 0,0000009 - 0,0000004 
b4 - 0,000000002 0,000000002 0,0000000004 
R = 0,9804 0,9757 0,9592 
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Appendix 6. Quartic equations from which growth curves for 
first-calf-heifers were derived. Second phase 
of experiment 
Y = bO + blX + b2X 2 + b3X 3 + b4X 4 
Y = mean animal mass X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 
Season: 1984/85 
bO 394,329 388,037 379,486 
b1 0,3831 - 0,0693 0,5398 
b2 - 0,00677 - 0,00524 - 0,01829 
b3 0,000064 0,000087 0,000176 
b4 - 0,0000002 - 0,0000003 - 0,0000005 
R = 0,9424 0,9045 0,6811 
Season: 1985/86 
bO 389,995 411 ,265 403,680 
b1 - 0,1436 - 0,4444 - 1,1881 
b2 0,00598 0,01159 0,02227 
b3 - 0,000025 - 0,000054 - 0,117068 
b4 0,000000009 0,00000005 0,0000002 
R = 0,9264 0,9579 0,9446 
Season: 1986/87 
bO 419,724 408,074 401,801 
b1 - 0,9339 - 1,1303 - 1,8016 
b2 0,01448 0,02486 0,03511 
b3 - 0,000062 - 0,000143 - 0,000227 
b4 0,00000007 0,0000003 0,0000005 
R = 0,8899 0,8799 0,8458 
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Appendix 7. Quartic equations from which condition score curves 
for first-calf heifers were derived. Second phase 
of experiment. 
Y = bO + blX + b2X 2 + b3X 3 + b4X~ 
Y = mean condition score change X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 
Season: 1984/85 
bO 2,967 3,099 2,889 
b1 -0,0043 -0,0043 0,0068 
b2 0,00006 -0,00004 -0,00025 
b3 -0,0000002 0,0000009 0,000002 
b4 0,0000000001 -0,000000003 -0,000000006 
R = 0,9461 0,9884 0,9779 
Season: 1985/86 
bO 2,869 2,998 2,950 
b1 0,0040 -0,0625 0,0030 
b2 -0,00004 0,00164 -0,000l3 
b3 0,0000003 -0,000008 0,000001 
b4 -0,0000000009 0,000000007 -0,000000005 
R = 0,92l3 0,9578 0,9867 
Season: 1986/87 
bO 2,959 2,975 3,003 
b1 0,0038 0,0048 -0,0029 
b2 -0,00012 -0,00015 0,0000008 
b3 0,000001 0,000001 0,0000003 
b4 -0,000000003 -0,000000004 -0,000000002 
R = 0,9767 0,9612 0,9785 
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Appendix 8. Quartic equations from which the dry pregnant cows' 
growth curves were derived. Second phase of experiment. 
Y = bO + blX + b2X2 + b3X3 + b4X 4 
Y = mean animal mass x = days from start of trial 
Tr.l Tr. 2 Tr. 4 
Season: 1982/83 
bO 437,432 421,236 449,973 
bl 1,8498 1,8417 1,3266 
b2 - 0,02166 - 0,02212 - 0,00947 
b3 0,000144 0,000154 0,000026 
b4 - 0,0000003 - 0,0000004 - 0,00000001 
R = 0,9915 0,9950 0,9785 
Season: 1983/84 
bO 463,653 476,419 420,800 
bl 0,9785 1,3404 1,1005 
b2 - 0,00403 - 0,01773 - 0,01194 
b3 0,000025 0,000137 0,000088 
b4 - 0,00000009 - 0,0000004 - 0,0000002 
R = 0,9903 0,9725 0,9507 
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Appendix 9. Quartic equations from which the dry pregnant cows' 
condition score curves were derived. Second phase 
of experiment. 
Y = bO + bIX + b2X2 + b3X 3 + b4X 4 
Y = mean animal mass X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 
Season: 1982/83 
bO 3,593 3,707 3,731 
b1 0,0075 -0,0080 -0,0081 
b2 -0,00021 0,00003 0,00002 
b3 0,000002 0,0000005 0,0000005 
b4 -0,000000005 -0,000000003 0,000000002 
R = 0,7535 0,4367 0,4779 
Season: 1983/84 
bO 3,460 3,278 3,230 
b1 0,0040 0,0142 -0,0034 
b2 0,00008 -0,00015 0,00013 
b3 -0,0000007 0,000001 -0,0000009 
b4 0,000000001 -0,000000003 0,000000001 
R = 0,9328 0,9271 0,8040 
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Appendix 10. Quartic equations from which growth curves for 
calves born to lactating mature cows were derived. 
Second phase of experiment. 
Y = bO + blX + b2X 2 + b3X 3 + b4X 4 
Y - mean animal mass X = days from start of trial 
Tr. 1 Tr. 2 Tr. 4 
Season: 1982/83 
bO 55,455 65,769 64,444 
bl 0,5937 0,5621 0,5130 
b2 0,00236 0,00204 0,00565 
b3 - 0,000001 0,000001 - 0,000043 
b4 - 0,00000004 - 0,00000005 0,00000009 
R = 0,9995 0,9996 0,9986 
Season: 1983/84 
bO 78,273 70,136 79,818 
bl 0,8283 0,8600 0,7646 
b2 0,00245 - 0,00205 0,00082 
b3 - 0,00001l 0,000026 0,000001 
b4 - 0,00000002 - 0,0000001 - 0,00000005 
R = 0,9978 0,9993 0,9983 
Season: 1984/85 
bO 75,123 81,827 74,326 
bl 0,5390 0,4891 0,5135 
b2 0,00344 0,00094 0,00034 
b3 - 0,000006 0,000027 0,000028 
b4 - 0,00000004 - 0,0000001 - 0,0000001 
R = 0,9993 0,9987 0,9989 
Season: 1985/86 
bO 73,434 73,926 70,699 
bl 0,8960 0,8909 0,6855 
b2 0,00105 - 0,00026 0,00198 
b3 - 0,000005 0,000007 - 0,000007 
b4 - 0,00000002 - 0,00000005 - 0,00000003 
R = 0,9991 0,9994 0,9990 
Season: 1986/87 
bO 65,079 58,844 58,735 
bl 0,8767 0,9456 0,9413 
b2 - 0,00049 - 0,00272 - 0,00392 
b3 0,000009 0,000028 0,000036 
b4 - 0,00000005 - 0,00000009 - 0,0000001 
R-= 0,9977 0,9988 0,9989 
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Appendix 11. Quartic equations from which growth curves for calves 
born to first-calf heifers were derived. Second phase 
of experiment 
Y = bO + blX + b2X 2 + b3X3 + b4X4 
Y = mean animal mass X = days from start of trial 
Ir. 1 Ir. 2 Ir. 4 
Season: 1984/85 
bO 79,306 83,601 78,495 
b1 0,4425 0,4510 0,6599 
b2 0,00349 0,00068 - - 0,00417 
b3 - 0,000006 0,000025 0,000054 
b4 - 0,00000004 - 0,0000001 - 0,0000002 
R = 0,9988 0,9987 0,9983 
Season: 1985/86 
bO 89,725 93,413 98,121 
b1 0,9421 0,8066 0,6798 
b2 - 0,00040 0,00222 0,00413 
b3 0,0000004 - 0,000009 - 0,000027 
b4 - 0,00000003 - 0,00000002 0,00000002 
R = 0,9978 0,9993 0,9988 
Season: 1986/87 
bO 83,915 81,265 79,565 
b1 0,8978 1,0852 0,8061 
b2 - 0,00223 - 0,00554 - 0,00273 
b3 0,000018 0,000040 0,000022 
b4 - 0,00000007 - 0,0000001 - 0,00000008 
R = 0,9969 0,9978 0,9985 
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Appendix 13. '!he grazing patterns of two first calvers (No's 1 and 2) and two mature CXMS 
(No's 5 am 6) in Tr.1 presented at oourly intervals for the first 
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Appendix 14. 'Ihe grazing p:ltterns of two first calvers (Nots 1 arrl 2) arrl two rrature cx:MS 
(Nots 5 arrl 6) in Tr.2 presented at hourly intervals for the first 
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Appendix 15. '!he grazing patterns of two first calvers (No's 1 and 2) and two mature c:::oNS 
(No's 5 am 6) in Tr.4 presented at oourly intervals for the first 
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Appendix 16. '!he grazing Iatterns of two first calvers (No's 1 arrl 2) arrl two rrature cr:1WS 
(No's 5 am 6) in Tr.1 presented at hourly intervals for the last 
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Appendix 17. llie grazing patterns of two first calvers (No's 1 and 2) and two mature CXMS 
(No's 5 am 6) in Tr.2 presented at oourly intervals for the last 
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Appendix 18. 'Ihe grazing p:ttterns of two first calvers (No's 1 arrl 2) arrl two nature cows 
(No's 5 arrl 6) in Tr.4 presented at lx:lurly intervals for the last 
d:>servation (3/6/86) in the snaIl camp (Camp 3S). 
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Appendix 19. The grazing patterns of two first calvers (No's 1 and 2) and two mature cx:MS 
(No's 5 arrl 6) in Tr.1 presented at oourly intervals for the first 
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Appendix 20. 'Ihe grazing {:attems of two first calvers (No's 1 am 2) am two nature cows 
(No's 5 am 6) in Tr.2 presented at hourly intervals for the first 













Appendix 21. The grazing patterns of two first calvers (No's 1 and 2) and two mature CXMS 
(No's 5 am 6) in Tr.4 presented at oourly interval~ for the first 
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Appendix 22. '!he grazing p:itten1S of two first cal vers (No's 1 arrl 2) arrl two IlB.ture cows 
(No's 5 arrl 6) in Tr. 1 presented at hourly intervals for the last 
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Appendix 23. 'Ihe grazing patterns of two first calvers (No's 1 and 2) am two mature cx::MS 
(No's 5 aIXi 6) in Tr.2 presented at oourly intervals for the last 
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Appendix 24 • . The grazing patterns of two first calvers (No's 1 and 2) and two mature cx::MS 
(No's 5 am 6) in Tr.4 presented at oourly intervals for the last 
ooservation (20/5/87) in the small camp (camp 3S). 
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